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SUMMARY

The base pressure computer program of Addy [4) has been modified to
include the effects of the upstream boundary layers upon the free shear layers
and to include the ONERA angular recompression criterion, as implemented by
Wagner and White [12] for the wake closure condition. After the program
modifications were completed, an extensive set of calculations were made to
make comparisons with the calculations of Wagner and White and to make com-
parisons with a broad spectrum of experimental data. The comparisons with the
calculations of Wagner and White showed very good agreement of the two
calculations. Comparisons with the experimental data showed that, in general,
the calculated base pressures are greater than experimental base pressures.

The Office National d'Etudes et de Recherches Aerospatiales (ONERA) angu-

lar criterion was originally developed for two-dimensional flow through a
correlation of a comprehensive set of experimental data. Later, a factor to
convert the two-dimensional criterion to an axisymmetric criterion was found

through the correlation of a set of experimental data for axisymmetric flow.
Both of these correlations were developed using data from a single-stream
impinging upon a wall. The analysis of this data to define the critical angle
is unique, and in turn, its application to a single-stream problem is
unambiguous. However, when this criterion is applied to the solution of the
two-stream problem, an ambiguity, either real or apparent, arises. In
general, the criterion yields different reattachment pressures for the two

streams. Since application of this criterion does not locate the reattachment
points at different axial locations, different reattachment point pressures
appear to be physically inconsistent. This raises a philosophical question as

to whether or not any single-stream reattachment criterion can be rigorously
applied to the two-stream reattachment problem.

Base pressures calculated for wide ranges of model parameters were com-

pared to experimental data. These comparisons, in general, showed the calcu-
lated values to be greater than the experimental values. The size of this
deviation does not vary greatly for the majority of the comparisons which were

*: made. It seems that a relatively modest increase of the ONERA critical angle

would bring the calculated data into good agreement with a majority of the

experimental data which has been used. No such modification to the criterion
has been attempted since it could only be done on an empirical, data fitting
basis.
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1.0 INTRODUCTION

The concept and development of the so-called component model power-on
base pressure analysis was pioneered by Dr. H. H. Korst and his coworkers at
the University of Illinois. Their early work culminated in Reference 1, which
documents the component analysis essentially as it is applied today. One of
the attractive aspects of their method is that each component or element of
the total number of components which comprise the solution may be of any
selected degree of sophistication. Thus, any one of the components, may, in
general, be improved or replaced by a more sophisticated component without
revising or improving the entire program. In the formulations [l], Dr. Korst

assumed that the free shear layers originated at the separation point on the
body or nozzle and that a similar velocity profile existed at every point
along the length of the shear layer, i.e., the upstream boundary layer thick-
ness was neglected. He also assumed that the recompression process across
the shocks at the wake closure was isentropic to the stagnation pressure of
the dividing streamline.

Addy [2] developed a computer program to implement Korsts's analysis into
a working engineering tool for the prediction of missile power-on base pres-
sure at supersonic speeds. This program utilizes the method of characteris- -

tics to calculate the inviscid flow fields and the numerical solution tech-
niques that are coded into the program are still state-of-the-art. However,
the upstream boundary layers were not accounted for and the isentropic recon--
pression criteria of Korst was used for the wake closure condition. A very
limited comparison of calculated and experimental base pressures presented
in Reference 2 showed reasonable agreement but the calculated base pressures
were generally larger than the experimental data. In Reference 3, Addy devel-'"
oped an empirical modifying factor for the recompression pressure ratio which
was a function of the nozzle radius to body radius ratio. The factor was
developed by correlating calculated and experimental base pressure data with
different values of this ratio. It was shown that this geometric parameter

did a reasonable overall job of correlating the data. However, where a suf-
ficiently large data base exists for a constant geometric ratio, significant
factor variation was required to correlate all of the calculations. Addy
further extended the utility of the computer program by modifying the external
inviscid flow field calculation to account for boattailed and flared after-

bodies. This work was published in Reference 4 and greatly increased the
utility of the program from the standpoint of the number of configurations to
which it could be applied. This final version of Addy's program still did not
consider the upstream boundary layers, used the recompression factor [3] for
cylindrical afterbodies, and used a recompression factor of one (original
Korst criterion) for flared and boattailed afterbodies. An extremely limited
comparison of calculated and experimental data for a boattailed afterbody
showed the calculated data to be reasonable, but no general trend was
established.

As discussed above, Addy's computational model was very good except that
it neglected the upstream boundary layers and it needed a better recompression
criterion. The computer program [4] was modified to include the effects of
both the internal and external upstream boundary layers. This work, along
with very limited calculations including the boundary layer effects, are
reported in Reference 5. The boundary layer effects were included by modify- ,
ing the shear layer mixing equations, by calculating an apparent origin shift

. . .-. ..



* for the shear layer, and by retaining the assumption of a similar velocity
* profile. This modification prepared the program for an updated recompression

criterion. Calculated results reported in this reference were for a wind tun-
nel teat model with a nominal turbulent boundary layer thickness of the exter-
nal stream. Calculations were made f or this cylindrical afterbody configura-
tion with and without the boundary layer terms using Addy's recompression

* factor and it was shown that including the boundary layer effect significantly
increased the calculated base pressure. This is consistent with other results

* reported in the literature. It indicates that empirical correlation recoin
ression factors derived without the boundary layer terms in the solution, have
an inherent boundary layer effect included in the recompression factor. Thus,

* one should apply and evaluate recompression criteria with computational models
* which contain the boundary layer terms and are as complete as possible in

other respect. The modified Addy computer program meets these criteria.

The goals of the present work are: (1) to include one of the currently
available recompression models in the computer program, and (2) to assess the
adequacy of the model by comparing calculated and experimental base pressures
for a large data base. Since Koret's original development, a number of
recompression criteria have been proposed by different authors. Several of
these will be briefly discussed as a short survey of the overall activities in
this area.

One of the earliest proposals for a recompression criterion was made by
*Nash [6), who simply proposed that the Korst isentropic pressure rise be

multiplied by a constant to obtain the recompression pressure rise. On the
basis of a very limited amount of experimental data, Nash established a value
of 0.35 for this factor in the supersonic flow case. Another approach to the
recompression criterion is the Page criterion which is presented in Reference
7, with References 8 and 9 discussing application techniques. The Page cri-

-:terion is based on a correlation of experimental data which model the ratio of
the flow turning angle at the reattachmnent point to the total turning angle as
a function of the discriminating streamline velocity ratio. Carriere and

* Sirieix [10, 111 developed an aagular reattachment criterion which correlated
the effective turning angle of the reattaching streamline as a function of the
inviscid flow Mach number. In Reference 12, Wagner and White studied the
effects of the initial boundary layers and some of the recompression models.

* They found that over a considerable range of free streamline Mach numbers, the
Page criterion and the Office National d'Etudes et de Recherches Aerospatiales
(ONERA) angular criterion gave very similar reattaching streamline turning
angles.

The Page model and the ONERA angular criterion are of special interest
because both are presented in the form of simple correlations which are based

*upon comprehensive sets of experimental data. Both techniques relate the
recompression process to the angular deflection at the reattachment point.
Each also assumes that the stagnation pressure of the discriminating
streamline is equal to the reattachmnent static pressure. However, in the
application of the Page model, an iterative procedure is necessary to calcu-
late the length of the constant pressure mixing region [8] even for the single
stream problem. Wagner and White (12] reported serious convergence problems
when trying to implement the Page model for the two-stream base pressure
problem. Therefore, it was decided to restrict the present investigation to

* consideration of the ONERA angular criterion for the recompression calculation.

2
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2.0 ONERA RECOMPRESSION CRITERION

2.1 General Discussion

The ONERA angular criterion is based upon the correlation of a body
of data from a set of systematic experiments [111. These experiments were
arranged so that they corresponded essentially to a vanishing upstream boun-
dary layer. In addition, the change in reattachment angle caused by blowing
into the base is correlated with Korst's basic theory. Thus, the recompres-
sion turning angle for the no-bleed, no-initial boundary layer is to be taken
from an experimental data correlation; however, the effect of bleed or bound-
ary layer influence may be predicted analytically. With these empirically
established facts at hand, it was postulated that the basic angular criterion
could be formulated as

T- T(Ma Cq) (1)

For the usual application of the criterion, it is assumed that the boundary
layers are thin with only a small bleed. In this case, it is permissible to
linearize Equation (1) so that

q 8
i- (j (2)

where C is a general bleed coefficient defined byq

Cq -+
(3) . .

where a is included in the definition of C to make it compatible with the
upstream boundary layer effects on the mixing layer equations (see Equation 33
of Reference 5). The critical angle Y (Ma) for vanishing Cq is obtained from
the ONERA data. This data was obtained for an isoenergetic, two-dimensional
flow with the ratio of specific heats, y, - 1.4. Thus, rigorously, the appli-
cation of this criterion should be restricted to these flows; however, equa-
tions for the non-isoenergetic case will be derived. For application of .
Equation (2) to the practical calculation of base pressure, the function
T (Ma) needs to be given in analytical form. An empirical curve fit for
T (Ma) was first given by Solignac and Delery in Reference 13 as:

" (Ma) = 57.3 (0.569 - 0.509 6/Ma) (4)

where Vis in degrees. Later, Wagner, in Reference 14, developed a polynomial
curve fit of the data of the form

. (Ma) - 57.3 (0.044 + 0.172 Ma - 0.018 Ma2) (5)

3
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This equation also yields T in degrees. The free streamline Mach number for
the ONERA data varies from approximately 2.0 to 4.0 and both of the empirical 7
equations fit the data very well in this Mach range. However, when the
equations are used to extrapolate " beyond the data range, sizable differences
occur, and there is no substantial evidence to suggest that either is superior
to the other. Therefore, solutions for base pressure which utilize free
streamline Mach numbers outside of the data range should be treated with some
caution. A comparison of the critical angle T deduced from the above
equations and other sources is presented in Figure 1 which is taken from
Figure 6 of Reference 14. It is seen that not only do the equations agree
well with the ONERA data, but that the Page model also yields critical angles
which agree well with the ONERA data.

2.2 Isoenergetic Equations

With the relationship for the critical angle 7 established in a
usable format, we turn to the task of evaluating the partial derivative in
Equation (2). As discussed above, Korat's basic theory accurately predicts
the change in the turning angle. Since the ONERA investigations do not alter ".
the concept of isentropic recompression up to the reattachment point, the
angular change of the dividing streamline, AT, up to the reattachment point,
must be equal to the reattachment angle calculated with the basic Korst
theory. So, we have

A? tt(Ma) - (AXMR) Ikorst (6)

where, w is the Prandtl-Meyer function and MR is the Mach number of the adja-
cent inviscid streamline at the reattachment point. Since the Cq effect
changes only the streamline angle up to the point of reattachment and the
angle change from downstream of the reattachment points is independent of Cq,
then there results:

p . (= - - b(MR) - - d x M (7)

ac cqa dMR aC .q q q

where 21 will be defined later. Now, the gradient of the Prandtl-Meyer func- ..

* tion is given by Reference 15, pg 466, Equation (15-3). .

dw- (8)
2M2 1+ .M2

2
Then,

dw '2i (9)

M 1 + M2
2

4
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Now the recompression on the reattaching streamline is still assumed to be

isentropic and the total pressure on the discriminating streamline is equal to
the static pressure at reattachment. Then, using the usual isentropic rela-
tions, there results

B BToa .
+ -r- HR~ 2.

(+ 10)
Pod/

where Md is the Mach number on the discriminating streamline. This Mach

number can now be expressed as 
Ii

Md2 . Ud Ud2  Ua2  aa2  Ta
ad2uUa2 a 2i 2 Ma (11) ad Td

and for the present assumption of Isoenergetic flow, the relationship between
the temperature ratio and the Crocco number is given by

T - ( a (1)2

Ta I -C 2(12

which yields

d2  sd2Ma 2  [ (13)Md2 = 1Ca2]

ICI2

The relationship between the Crocco number and the Mach number is given by
Equation (51) of Reference 16

Ca2 - 2 (14)

I + Y Ma2
'

2

" and when this result is substituted into Equation 13, there results

5" 12Ma2

-Md 2  (15)
"I 1 + - Ma2(1-4dj2 )

J2

5-" ,-
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After substituting Equation (15) into the right-hand side of Equation 10 and

simplifying

2 ~ Y

P!d + al + 12)i (16)

PB

The left-hand side of Equation 10 is now combined with Equation 16 to give

F ~ Ma21yl F 1 1

L + 1- J L +ma2 ( j-d2

(17)

Equation 17 can be solved for MR to obtain

MR20 (2 (18)

To continue toward the evaluation of the derivative in Equation (2), Equation
(7) must be further expanded by the chain rule to obtain

Differentiating Equation (18) results in

a 
(20)

Combining Equations (18), (19), and (20) with Equation (9) evaluated at the

reattachment point gives

O- MR________ -1 # (21)acq (1_-$d2) Ct+ .y- t4R

where we still have the requirement to evaluate This can be done by

Cq

writing the integral equation for the mass flow in the shear layer 
up to the

discriminating streamline in the form (Equation C-41 of Reference 17) ..-

11(d) f -- On - Il( Ra) - 12(n Ra) + Cq (22) .. '
-I Rb

6
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Now I('n Ra) and 12(n Ra) are constants, and therefore independent of C, so
when Equation (22 ) is differentiated with respect to Cq, there is obtained

S P od) *d = (23)

Expanding Equation (23) by the chain rule and solving the resultant equation

for "_d yields

P Pa 1 d (24)

acqd "d
Cq oP( nd ) Od "

The velocity profile in the shear layer is defined by the error function, so .

-I + erf((25 I + ) d (25)

0

which yields upon differentiation
1

Se-n (26)

* and using isentropic relations

(27)

P(1 - Ca2

, Now, when Equations (26) and (27) are combined with Equation 24

-, d Ca 1 e-"'1d (28)

acq I - Ca2 "

The final step is to substitute Equation (28) into Equation (21) use Equation
(18) for the definition of the MR, and make the approximation j - 'n d, the
result is

aq (1-4j2)t1 +)- 1 - Ca 2  (29)

This completes the derivation of the equations required for the application of
the ONERA recompression criterion to the restricted case for isoenergetic flow.
Values of ij and tj are determined by Korst's theory in the course of each base
pressure iteration as a function of Ca, and therefore, can be assumed to be
known for application to the solution of the recompression criterion.

7
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2.3 Non-Isoenergetic Equations

The extension of the application of the ONERA recompression cri-
terion to non-isoenergetic flows is discussed by Delery and Sirieix [181 and
also by Wagner [141. Since missile design cases are non-isoenergetic flow r
cases, the equations for this situation are given herein. Delery and Wagner
use somewhat different approaches for determining the critical angle, Y, for
this case, but they use approximately the same approach for determining the
derivative term. Using the same approach as Delery, it is assumed that

YU T(Ma, Ad,Cq) (30)

and when Cq is small

" =(Ma, Ad) + Cq 7<MaAdA) (31)
q

where

-Tob ( ob\
A d " Tb 4Ld( T+b ) Ab + 6d( 1 - Ab) (32)/1=TO a  TOa  -TO" "a- '

The analysis to determine the derivative, proceeds as in the isoenergetic

case, but with greater complication due to the temperature effect. Since the
process is identical, this development will be presented in a summary manner
with critical steps related to the equations in Section 2.1. The first signi-
ficant non-isoenergetic effect occurs in the temperature equation for the
discriminating streamline Equation (12) which is

Td d- 2 Ca2  (33)"-" = (33) .

Ta 1 Ca2

* And when this relation is inserted into Equation (11), the following defini-
*- tion for the discriminating streamline Mach number

-" ~ 2Ma2.-. Md2  .d (34)".'.

PA1(l + Y _ 2) - 2 4d2Ma2  (34)
Ma 2

When Equation (34) for Md2 is substituted into the right-hand side of Equation
(10) and the resultant is simplified and solved for MR,

MR2  Ma2 1 - W (35)

8
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Now Equation (32) is substituted into Equation (35) and the resultant equation
is differentiated to obtain

?MR Ma Ab + Ad(36)

B I vr __ ,x VA_7+ A3/2i " - d  xAb + dd 2

As in the isoenergetic case, ..

6? a- &4R~ a O (37)
ac R i .x Cq

and when all the derivatives along with Equation 35 are substituted into
4. Equation 37,

"q [ 1 (i -+ M- M 2 .(l
Ab a ;" j A j

Ab +  (1-Ab) Ab + $l- e-2-
_____________41(lAb) - jCa

J5 " j (1 - Ca 2 ) (38)

Thus, it is seen that the effect of non-isoenergetic flow on the angular gra-
dient can be correctly calculated by the above analysis. However, this effect
upon the critical angle, in the absence of experimental data, is subject to
some conjecture. Delery [181 proposed a modification of I for gases with a
ratio of specific heats, y, different from 1.4. However, he did not propose a
temperature ratio modification. Wagner [14] following the proposal of Sirieix,
et al [11], used a blowing correction to a modified version of Equation (31).
This modified equation is

-- +~_ (caTod/T) (39),,.:iZ:-
T - T/orst (Ca,Tod/Toa) + (e+Cq) q atod/oa

where the blowing correction, e, proposed by Wagner is defined by

- 0.2934 - 0.1773 Ma + 0.04132 Ma2 - 0.00311 Ma3  (40)

in order for T to be approximately equal to the ONERA T when Cq 0 0. Wagner
suggests that these results are applicable to the non-isoenergetic case and
for values of y that are different from 1.4. These modifications to the basic
criteria are easily implemented within the basic MICOM Base Pressure program
and therefore, were selected to be used in the program modification and sub-
sequent calculations.

9

7_.2:



2.4 Modified ONERA Criterion

Wagner and White (121 and Wagner [141 developed a modified ONERA
criterion to account for interference effects in the two stream base pressure
problems which are not present in the single stream problem. From a physical
point of view, it appears that the pressures in both recompression zones
should become equal at the point of reattachment. The ONERA criterion uses
the slip streamline angle to establish the turning angle, T; whereas the
modified criterion uses this direction only as a first approximation and then
varies the direction until the pressure ratio becomes equal in the two shear
layers. This technique uses an iteration procedure which varies the reattach-
ment angle, T, that produces a change in the mass flow coefficient when
Equation (2) is solved for Cq. This leads to a change in sd, and thus, produ-
ces a corresponding change in the pressure ratio from Equation (16).

For the application of this modified criterion, it is necessary to
compute the pressure ratio at each step. Therefore, the velocity ratio $d is
required and is computed from a relationship involving % and Cq. Wagner (141,
showed that while a linear relationship is satisfactory [or Equation (2), it
would be necessary to use a second order Taylor series expansion to achieve
comparable accuracy in the calculation of 4d" Therefore,

+ Cq2  2 (41)
*jq 3C q 2  2~

where, for the non-isoenergetic case

=L )r'Ca 2  1 1 e- (42)
aCq lCa2  '/V-

and, the second derivative can be expressed as,

Tob + I+Ca 2

. To& 1 1 • 2 -Ca 2 (43)

M q2  aq ~ ~ 1-C a 2771 Ca2

Utilizing Equations (42) and (43) with Equation (41), there results

*j(Ca 2  Toanj2

and~~~O- + bjj22)~c.2 (4

+ A -i 
2 C 2 Ii (45)

which completes the equations necessary to implement Wagner's modified 0NERA 7."
criterion. -.

6 *+ - ..a. - ." ( 45

L'',"'',,,,.... ...... .. ...... ""-"--"-"---" . ...

aq 1 .... .. .. ... .. .. .. . .. .. .. .. .



2.5 Axisymmetric Reattachment

The original development of the ONERA angular criterion was based
upon data taken for two-dimensional flow and the critical reattachment angle
presented in Figure 1 is restricted to the two-dimensional case. Solignac and
Delery [13] conducted a series of systematic tests to establish a set of reat-
tachment data for axisymmetric flow. Using similarity considerations and this
data base, they were able to establish a correlation parameter relating the
axisymmetric reattachment data to the two-dimensional critical angle. (46)
Therefore, in order to apply the ONERA criterion to the solution of the axi-
symmetric base pressure problem, this correction must be applied to the two-
dimensional critical angle. This correlation is

AT -" TX - t-D = f(F) (46)

and ONERA found that

f(F) - 2.7 - 3.5 tan (5.4F - 4.4) (47) .

did an excellent job of correlating the differences between the two- . ..
dimensional and axisymmetric experimental data. In Equation 47, F is the
ratio of the two-dimensional to axisymmetric spread rate parameters and is
given by

L

F 2-. 1 / rds (48)
*~LrR

where L is the length of the shear layer and rR is the radius at the reattach-
ment point. Correlation of the two sets of data by this function is presented
in Figure 2 which has been taken from References 14 and 18. The axisymmetric
data was obtained from three experiments as illustrated by the insets on the
figure. In the first case, there was a large angle cone with slender forward
cylinder and a small angle cone ahead of the cylinder. The forward cone was
larger in diameter than the cylinder so the surface streamlines separated from
the model at the base of the forward cone. Reattachment occurred on the sur-
face of the large angle cone. A second series of experiments was performed
with an under expanded supersonic nozzle which was surrounded by an external

* shroud. In this case, the plume boundary expanded out of the nozzle and the
. reattachment was on the external shroud. The third test to obtain data used

an axisymmetric body with a rearward facing step followed by a cylindrical
afterbody. Streamlines separated from the forward surface at the step and

- reattachment was on the downstream cylinder. The function F must be calcu-
lated for both flow boundaries in the axisymmetric base pressure problem and
then the critical angles are obtained by applying the correction. All of

*" these calculations are easily performed within the framework of the basic
MICOM Base Pressure program.

- 3.0 COMPUTER PROGRAM MODIFICATIONS

With the completion of the present work, there have been two stages of
modifications on the Addy base pressure program which are documented in
Reference 4. First, the effects of the upstream boundary layer and the effec-
tive shear layer origin shift were included in the program and were documented
in Reference 5. In the present work, the ONERA recompression criterion and a

." 11 ." .
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modified ONERA criterion have been included to replace the empirical
recompression coefficient derived by Addyr3]. Most of the calculations for
the new recompression criterion have been included in the subroutine TJMIX of
the original program. The solutions for these criteria implemented in this
subroutine have been adapted from the Wagner and White program which was also
based upon the MICOM Base Pressure program.

The program has been run for a large number of isoenergetic cases and has pro-
ven to be very reliable when operating in this mode for either the standard or
modified ONERA criterion. Results from these calculations will be discussed
and compared with some available experimental data in Section 4.0 of this R
report. A limited number of non-isoenergetic cases were successfully run with
both internal and external gases having a ratio of specific heats equal to
1.4. However, when the ratio of the inner to outer stream temperatures became
large, the program would fail. The program would not operate for the non-
isoenergetic case when the internal gas ratio of specific heats was not equal
to 1.4. Therefore, it is apparent that irrespective of the performance of the It
angular criterion in the basic isoenergetic case for which it was developed,

additional development will be required before it can be used for the general
non-isoenergetic missile design case.

This program is available as a private user (P) file in the Perkin-Elmer
account which was assigned to the delivery order under which this study was
performed. It is also available on a backup tape for safekeeping. The file
name for this problem is 'BPRESOC' which stands for Base Pressure-ONERA
Criterion. Even though the program is named ONERA criterion, it will also
calculate with the modified criterion by selecting the appropriate value of a
logical variable. The progrm is set up to run in an interactive mode on the
Perkin-Elmer 3230 with the option to either use a data file for most of the
data or to input all of the data interactively. A definition of the
Perkin-Elmer interactive screen cues and input data is presented in Appendix

* A. The complete FORTRAN listing of the program is printed in Appendix B to
provide a permanent record of the current state of the program.

4.0 PRESENTATION OF RESULTS

Calculations have been performed for a large number of isoenergetic cases
* for comparison with experimental data and with Wagner and White's calculations
* which are presented in Reference 12. Some reasonably recent data such as that

presented in Reference 19 were found and most of the data sources that Addy
used for his empirical correlation (3) will be presented. The various com-

", parisons which are given represent a rather wide cross section of geometric
configurations, nozzle configurations, and free stream Mach numbers.
Generally, the data sample seems sufficiently large to support any general
conclusions that might be reached.

_4.1 Comparison with Wagner and White's Results

Wagner and White [121 compared results from their calculations with
experimental data for several cases. Calculations were performed with the
present progrm to compare with the Wagner and White calculations and the
appropriate experimental data is included to complete the theory to data

and experimental data for a cylindrical afterbody configuration of Agrell and

12 --o
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White [19). The Wagner and White calculations were extracted from Figure 5 of
that paper. Wagner and White investigated the effects of origin shift, spread
rate parameter, and recompression criterion. From these and various other
results, it vas concluded that the ONERA origin shift [111, and the Korst and
Tripp.1201 spread rate parameter definition would be used exclusively in the
current investigation. The two sets of calculations for the standard and
modified ONERA criteria agree extremely well, as indeed they should. The dif-
ference between the modified and standard criteria is small at low pressure
ratios and it steadily increases as the pressure ratio increases. Agreement

t between the modified criterion calculations and the experimental data is very
good at the higher pressure ratios and not quite so good at the lower pressure

* ratios. Also included in this figure as a reference for the recompression
* criterion effect, are calculations using the original Korst isentropic recoin-
* pression with the boundary layer terms and origin shift included. Figure 4

presents the mathematical variation of the base pressure as a function of the
upstream boundary layer momentum thickness for the cylindrical afterbody con-
figuration of Figure 3 for a pressure ratio equal to 3.0. Current calcula-

tions for both the standard and modified criteria are compared to the same
types of calculations by Wagner and White. Again, there is excellent agree-
ment between the two sets of calculations while both types of calculations
somewhat overpredict the experimental data point extracted from Figure 3.
One important observation from this figure is the relatively small gradient

I of the base pressure with increasing momentum thickness beyond a nominal
thickness value. Therefore, for experimental reports which do not include
boundary layer data, it appears to be reasonable to estimate the momentum
thickness using engineering methods.

A comparison of the same types of calculations for this same configurationI as shown in Figure 3 is shown in Figure 5, but the free stream Mach number has
been increased to 3.27. There is, again, excellent agreement of the results

-from the two programs for both the standard and modified ONERA criteria and
* also for calculations using the Addy recompression coefficient. Calculated
* results using the two ONERA criteria agree well with the experimental data at
* low pressure ratios but a P -ery much greater at the higher pressure ratios.

This is inverse to the trend of Figure 3. Figure 6 continues this series of
comparisons of calculations and experimental data. For the first time, there
are differences between the current calculations and those of Wagner and

* White. The configuration for the data of Figure 6 is a six-degree conical
* boattail afterbody. The other analytical comparison in the figure utilizes an

empirical recompression coefficient for boattailed bodies which was developed
by Dr. White through a correlation of the experimental data [191. Since there
is extremely good agreement between these tvo solutions, a strong indication

* that both programs are performing the boattail flow field solution correctly,
the difference between the solutions utilizing the two ONERA criteria is
puzzling. A final comparison of current calculations between the Wagner and
White calculations and the experimental data [211 is presented in Figures 7

*through 10. Figure 7 presents the base drag coefficients for all three con-
figurations for which data is presented in Reference 21. Since the base drag

* coefficient is somewhat insensitive to the base pressure ratio, it was decided
*to recast the data of Figure 7 into the base pressure ratio and this is pre-

sented in Figures 8 through 10 for the three different nozzles. There are
small differences betveen the current calculations and the Wagner and White
calculations. However, the differences between the calculations are greater
for the largest nozzle. Two comparisons with calculations published by

13



Dr. Wagner [14] are presented in Figures 11 and 12. Figure 11 compares
calculated results from the two programs with additional data from Reference

* 21. The model configurations for the data presented in this figure a.e a
* cylindrical afterbody with a sonic nozzle and a Mach 2.0 nozzle with uniform

parallel flow in the exit plane. Current calculations agree well with
Wagner's calculations and both sets predict base pressures somewhat higher
than the experimental data. Figure 12 presents a comparison of results from
the two programs for two configurations for which test data is available in
Reference 22. The current calculations yield greater values of base pressure
than do Wagner's calculations for both the ONERA criterion and the modified
criterion. This disparity is disturbing because it seriously affects the dif-
ference between the calculations and the experimental data. However, a con-
certed analysis of the current calculations failed to disclose any reason for
the differences between the two sets of calculations. .-,%.

Overall, the comparisons of the current calculations with those of Wagner
and White show good to excellent agreement. This instills confidence that the
analyses and program modifications have been executed correctly. On the other
hand, comparisons of calculated and experimental results show some cases of
good agreement and some of poor agreement. However, more comparisons of
calculated and experimental data need to be made before drawing any conclu-
sions concerning the overall prediction capability of the computer program.

4.2 Comparisons with Experimental Data

The overall effectiveness of the base pressure computer program in
predicting base pressure will be judged by a broad based comparison of calcu-
lated and experimental data. Addy [3) collected a wide ranging data base to
develop the correlation for his recompression coefficient. Since Addy's
report was published, Agrell and White published Reference 19 which contains
considerable additional data. Experimental data for the comparisons to be
discussed in this section will be obtained from these sources. Figure 13
completes the comparison of the current calculations with the data of Reid and
Hastings (see Reference 21). Figures 7 through 11 for the other comparisons.

Agrell and White [19] published a rather comprehensive set of data for
cylindrical and boattailed models at two free stream Mach numbers and two dif- "
ferent nozzles. Some of the data indicates that flow separation occurs for-
ward of the base for the larger boattail angles and pressure ratios. This

" data was not used for comparison with calculations since the current program
Idoes not have flow separation prediction capability. Some of the Agrell and

White data is presented in Figures 3, 5, and 6. The rest of the Agrell and
* White data for attached flow on the afterbody are compared with current calcu-

lations for both the standard and modified ONERA criteria in Figures 14
through 20. In general, the calculated base pressures are larger than the
experimental values. The amount of the overprediction depends on the nozzle
characteristics, boattail angle, and free stream Mach number. At M- - 2.01,

F the basic trends of both calculated and experimental data are quite similar
over the pressure ratio range. However, at M- - 3.27, the variation of the
experimental data over the pressure ratio range is much smaller than the
variation of the calculations.

14
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Experimental data of Bromm and O'Donnel [22] are compared with calculated 4

values of base pressure and presented in Figure 13 and in Figures 21 through
25. Broma and O'Donnell obtained data at three free stream Mach numbers, two . .
nozzle sizes and three nozzle vail angles. Once again, the calculated data
are, in general, greater than the experimental data; however, the amount of
the overprediction varies significantly from case to case. It is suspected
that some of this variation is due to experimental uncertainties, especially
for the ten degree nozzle exit angle. Qualitative trends are well predicted
by the calculated results and the experimental trends remain similar for all
three free stream Mach numbers. Baughman and Kochendorfer [23] published data
for bodies with five different boattail angles with the base to nozzle radius
ratio determined by the boattail length. The models were each tested with
constant size nozzles that produced different exit plane Mach numbers. These
nodel and nozzle combinations were tested at free stream Mach numbers of 1.91
and 3.12. Comparisons of calculated and experimental base pressures for these
conditions are presented in Figures 26 through 38. Again, the calculated data,
in general, is greater than the experimental data. Qualitative trends are
well predicted for the Mach 1.91 data. However, the trend of the variation
with pressure ratio was not well predicted for the Mach 3.12 data and this
same result was observed in the comparisons with the Agrell and White data.

The next set of comparisons presented is with the data of Henderson [24].
These comparisons are limited to Henderson's cylindrical afterbody configura-
tion and they are presented in Figures 39 through 44. All of the calculated
base pressures are greater than the corresponding experimental data. Thus,
the trend that has been established through all the previous comparisons con-
tinues without exception. Comparisons of calculated base pressures with the
experimental data of Reference 25 are presented in Figures 45 through 53. The
configuration for the data and calculations of Figures 45 to 47 is a cylindri- r
cal afterbody with a small nozzle and the mismatch of data with calculations
is probably the largest yet observed. However, this follows the trend of the
Reid and Hastings data presented earlier. The remainder of the data is for
nine-degree boattail models and significant mismatches have been observed for
similar configurations in earlier comparisons. Figures 54 and 55 present com-
parisons of calculated base pressures with experimental data of Cortright and
Schroeder [26]. As in all previous comparisons, the calculated values are
greater than the experimental values. Data from Harries [27] are compared to
the calculated base pressures in Figures 56 through 60. The isoenergetic data
of Reid [28] is compared to the equivalent calculated values in Figures 61 and
62. Comparisons of calculated base drag coefficients with experimental data
[29] is presented in Figures 63 through 65. The data presented is for the no-
bleed test cases. Since the predicted base drag coefficient is lower than the
test data, the predicted base pressure continues to be greater than experimen-
tal values. Also, at a Mach number of 3.5, the trend over the pressure ratio
range is not well predicted. This continues the pattern noted in comparisons
which were previously discussed. Figures 66 through 69 present comparisons of
calculated base pressures with single jet experimental data from Reference 30.
This is the only set of data which generally agrees with the calculations.
The geometric configuration is quite similar to configurations for which com-
parisons have been discussed previously where calculations and data did not
agree. Therefore, it is felt that this set of data is not consistent with the
rest of the data base. The final comparisons to be presented are shown in
Figures 70 through 73 where the data is taken from Reference 31. These
figures show the usual trend of the calculated values being greater than the
experimental data.

15
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COM4PUTER PLOT LABEL DEFINITIONS

* Ordinates

PB/PE Ratio of base pressure to free stream static pressure

CD-B Base drag coefficient

CP-B Base pressure coefficient

Abscissae

PI/PE Ratio of nozzle exit plane static pressure to free stream
static pressure

THETA/R Ratio of external boundary layer momentum thickness to maximumbody radius

" POI/PE Ratio of nozzle stagnation pressure to free stream static
pressure

Parameters

BETAe Body (external flow) angle at base

BETAi Nozzle wall angle at exit plane

Me Free stream Mach number

Mi Nozzle exit plane Mach number

Ri/R Ratio of nozzle exit radius to maximum body radius

THETA/R Ratio of external boundary layer momentum thickness to maximum

body radius
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GLOSSARY

Symbols Definition

C General bleed coefficient

q
C Crocco number (U/U )%

F Two-dimensional to axisymmetric spread rate ratio

11 Integral defined by Equation C-38 of Reference 17

12 Integral defined by Equation C-39 of Reference 17

L Total length of mixing layer

m Mass bleed

M Mach number

P Pressure

T Temperature

U x-component of the velocity within the shear layer or
boundary layer

x 0Mixing layer origin shift due to upstream boundary layer

x9 y Intrinsic coordinates in the two-dimensional mixing region

Modifying bleed coefficient

YRatio of the specific heats

A Stagnation temperature ratio (see Equation 32)

Dimensionless coordinates in the mixing region [oy(x + x)]

Critical reattachment angle for the no bleed case

Critical reattachm.!nt angle

P Density

0 Spread rate or mixing parameter

e Boundary layer momentum thickness

PRANDTL-Meyer function

U 95LJ* ...
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GLOSSARY

Subscripts Definition

AX Axisymmetric - ,

a Adjacent inviscid flow ...,

= b Adjacent quiescent region

B Base Region

d Discriminating streamline

0 Stagnation conditions

R Reattacbment conditions

Ra Upper edge of shear layer

Rb Lower edge of shear layer

2-D Two-Dimensional

. . . . . . . . . . ..
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APPENDIX A

DEFINITION OF PERKIN-ELMER INTERACTIVE SCREEN CUES ~.. ~*

I AND PROGRAM INPUT DATA

I.
~1

FL

I

L

F
SW..'

4.

r

S.................... .--------------------. - . ......................



The current version of the program is configured to either (1) read part of

the data in an interactive mode from a terminal and part of the data from a

Namelist data file or (2) to read all of the data in an interactive mode -

from a terminal. Data file input was found to be an efficient way to run

the program when multiple cases were to be run with perhaps only one (1) I
input variable changed. For single case runs, the interactive mode is the

most efficient way to run the program. The Namelist input file is name

DATA, and the definition statement is

NAELIST/DATA/NPRINT, NSHAPE, XE RE, X2E, R2E, BET2E, EMNE, XlI,

R1, BETDII, CI, GAI'AI, EMNII, TROEI, KPRESR

Dfntosothsvaibewith the exception of NPRINT is given with [ [

the appropriate cue below. NPRINT is an output control parameter defined

as follows:

NPRINT - -1, Input data and base pressure solution printed

NPRINT - 0, Input data, iterations and solution printed

NPRINT - +1, Input data, iterations with constant pressure boundary

data, and solution printed

NOTE: In the total interactive mode, NPRINT - -1.

Cues which appear in the program are listed and the input quantity defined

in the order in which they appear in the program. Where data is optional,

depending on other input data, notes are included explaining the require-

ment or option.

CUE: ENTER INPUT OPTION CHOICE, I FILE 2 - TERMINAL

READ (5, 72) INOPT

FORMAT (Il)

INOPT = INPUT DEVICE SELECTOR

A-1

................................. '... .



CUE: ENTER NRCMP RECOMPRESSION CHOICE

0 - EMPIRICAL RECOMP COEFF AFTER ADDY OR WHITE r
1 - KORST APPROXIMATION OF PAGE CRITERION

2 - CORRECT PAGE CRITERIA CALCULATED ITERATIVELY

3 - ONERA ANGULAR REATTACHMENT CRITERION

4 - ONERA CRITERIA MODIFIED FOR 2-STREAM REATTACK

5 - AS 4, SECOND ORDER CORRECTION FOR PHID

6 AS 4, NONLINEAR TREATMENT (RECOMP - 1.NEC.)

READ (5, 13) NRCMP

FORMAT (II)

NOTE: Only options 0, 3, 4, and 5 are operational. It is suggested

that if the Addy or White empirical recompression coefficient is

used that the boundary layer momentum thicknesses be set equal

to zero.

The following cue appears only if NRCMP 0 is chosen, then

CUE: ENTER RECOMP

READ (5, 6) RECOMP

FORMAT (F6.4)

RECOMP - SELECTOR FOR RECOMPRESSION COEFFICIENT

NOTE: If RECOMP - 0., a value is calculated for RECOMP from Addy's or

White's empirical equations. If a finite value of RECOMP is

input, it is used for the calculation. I _

CUE: ENTER ALPHANUMERIC HEADING - 20A4

READ (5, 10) (A(I),I-1,20)

FORMAT (20A4) V-1

A(I) - ANY ALPHANUMERIC PROBLEM DESCRIPTION

A-2 -



CUE: ENTER NSHIFT

READ (5, 9) NSHIFT

IFORMAT (II)

NSHIFT - 0, ONERA ORIGIN SHIFT (RECOMMENDED)
NSHIFT - 1, SHEAR LAYER AND BOUNDARY LAYER MOMENTUM THICKNESSES

MATCHED

NOTE: If a Namelist data file is to be used, the next cue to appear is

the cue for the number of pressure ratio cases to be run. For

the interactive mode, the following cue appears.

AFTERBODY SHAPE PARAMETERS

0 - CYLINDRICAL AFTERBODY

CUE: 1 - OGIVE BOATTAIL

2 - PARABOLIC BOATTAIL

3 - CONICAL BOATTAIL OR FLARE

ENTER AFTERBODY SHAPE PARAMETER - II

READ (5, 13) NSHAPE

FORMAT (Ii)

NSHAPE - PARAMETER DEFINING THE AFTERBODY SHAPE

MESSAGE: BODY AND NOZZLE DIMENSIONS ARE RELATIVE

THEY CAN BE INCHES, FEET, OR CALIBERS

"X" DIMENSIONS ARE POSITIVE AFT LI

CUE: ENTER "X" AT BODY BASE

READ(5, 11) XIE

FORMAT (4F10.4)

XlE LONGITUDINAL COORDINATE OF POINT WHERE SEPARATION OF THE
EXTERNAL STEAM OCCURS

A-3

r
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CUE: ENTER RADIUS AT BODY BASE

READ(5, 11) RIE

FORMAT (4F10.4) r
RIE = RADIAL COORDINATE OF POINT WHERE SEPARATION OF THE

EXTERNAL STREAM OCCURS

The following three cues are dependent upon the value of NSHAPE. If

NSHAPE - 1, 2, or 3, these cues appear. If NSHAPE - 0, they do not appear

and the cue for the free stream Mach number appears.

CUE: ENTER "X" AT START OF BOATTAIL p-.
READ(5, 11) X2E

FORMAT (4F10.4)

X2E - INITIAL LONGITUDINAL COORDINATE OF THE BOATTAIL

CUE: ENTER RADIUS AT START OF BOATTAIL

READ(5, 11) R2E

FORMAT (4F10.4)

R2E = INITIAL RADIAL COORDINATE OF THE BOATTAIL

CUE: ENTER SLOPE AT START OF BOATTAIL - DEG

READ (5, 11) BETD2E

FORMAT (4F10.4)

BETD2E - INITIAL BOATTAIL ANGLE (IN DEGREES) AT (X2E, R2E)

COUNTER-CLOCKWISE FROM X-AXIS IS POSITIVE.

CUE: ENTER FREE STREAM MACH NUMBER

READ (5, 11) EMNE

FORMAT (410.4)

EMNE , EXTERNAL FREE STREAM MACH NUMBER

A-4
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CUE: ENTER *X" AT END OF NOZZLE

READ (5, 11) Xll

FORM4AT (410.4)

XlI - LONGITUDINAL COORDINATE OF POINT WHERE SEPARATION OF THE

INTERNAL STREAM OCCURS ?

CUE: ENTER NOZZLE EXIT RADIUS

READ (5, 11) RlI

FORM4AT (4F10.4)

RuRADIAL COORDINATE OF POINT WHERE SEPARATION OF THE
INTERNAL STREAM OCCURS

CUE: ENTER NOZZLE EXIT ANGLE -DEC

READ (5, 11) BETD11

FORMAT (4F10.4)

BETD1I -FLOW ANGLE (IN DEGREES) AT (XlI, R11) COUNTER-CLOCKWISE

IS POSITIVE

CUE: ENTER NOZZLE GAS CONSTANT -LBF/LBM R

53.34 FOR AIR

READ (5, 11) GCI

FORMAT (4F10.4)

GCT -GAS CONSTANT FOR THE INTERNAL STREAM

CUE: ENTER NOZZLE GAMMA -1.4 FOR AIR

READ (5, 11) GAMMAI

FORMAT (4F10.4)

GAMKAI -RATIO OF SPECIFIC HEATS FOR THE INTERNAL GAS

CUE: ENTER NOZZLE EXIT M4ACH NUMBER

READ (5, 11) EMN11

FORMAT (4F10.4)

EMN11 MACH NUMBER AT (.X1I, R11)

A-5
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CUE: ENTER EXTERNAL TO INTERNAL STREAM STAGNATION TEMPERATURE RATIO

TOE/TOI

READ (5, 11) TROEI

FORMAT (4010.4) .
TROER - STAGNATION TEMPERATURE RATIO OF STREAMS, TOE/TOI

CUE: ENTER NUMBER OF CASES - I 1

READ (5, 13) NCASE

FORMAT (I)

NCASE - NUMBER OF PRESSURE RATIOS, PlI/PE OR POI/PE, FOR WHICH

BASE PRESSURE CALCULATIONS ARE TO BE MADE FOR A GIVEN

SET OF CONDITIONS AND GEOMETRY

CUE: ENTER TYPE OF PRESSURE RATIO INPUT

0 FOR INTERNAL STATIC/EXTERNAL STATIC PRESSURE

1 FOR INTERNAL STAGNATION/EXT STATIC PRESSURE

READ (5, 13) KPRESR

FORMAT (Il)

KPRESR - 0, PRiIE (PI1/PE) IS INPUT, AND PROIE IS CALCULATED.

1, PROIE (POI/PE) IS INPUT, AND PRiIE IS CALCULATED.

The follwing cues depend upon the value of KPRESR. If KPRESR 0 0, then

CUE: ENTER PJ/PF

READ (5,11) PRATIO

FORMAT (4F10.4)

PRATIO - PRESSURE RATIO (P1I/PE - PRIIE) FOR CASE 1.

If KPRESR - 1, then

CUE: ENTER POJ/PF'

READ (5, 11) PRATIO

FORMAT (4F10.4)

PRATIO - PRESSURE RATIO (POI/PE - PROIE) FOR CASE 1.

A-6 .4.
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CUE: ENTER BOUNDARY LAYER MOMENTUM THICKNESS AT BODY BASE
READ (5, 11) BLMTE

FORMAT (4FI0.4)

BLMTE - EXTERNAL FLOW BOUNDARY LAYER MOMENTUM THICKNESS

AT SEPARATION POINT - SAME UNITS AS BODY

DIMENSIONS -

CUE: ENTER BOUNDARY LAYER MOMENTUM THICKNESS AT NOZZLE EXIT

READ (5, 11) BLMTI

BLMTI = INTERNAL FLOW BOUNDARY LAYER MOMENTUM THICKNESS

AT NOZZLE EXIT PLANE - SAME UNIT AS BODY DIMENSIONS

The cues PJ/PR or POJ/PJ along with the cues for BLMTE and BLMTI reappear

after the solution for each pressure ratio is obtained until the NCASE

solutions have been completed. After the solution for the last pressure

ratio has been completed, the following cue appears.

CUE: DO YOU WISH TO MAKE ANOTHER RUN? YES = 1, NO = 0

READ (5, *) IRUN

FREE FORMAT

IRUN = 0, NORMAL PROGRAM EXIT

1, RETURN TO FIRST CUE

Cues are typed above exactly as they appear on the screen and in the order

in which they appear. For the input data which are real numbers, a format

cue in the form of XXXXX.XXXX also comes in the screen. Mnemonics for the

input data are the ones used in Reference 4 and the definitions are basically

the same as those presented in Reference 4.

A-7/(A-8 blank)
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C I r APE7ZSiANCH)
C T aUS-3T RL AM A A 1 M t TP IC AI

C P R rS 5u RF p P U GPAN T 5 A 4p~ -

*C ArF Rs o V 0 UPTIU N AL 14 0 K
c PNO(;RAM Has P(11i4 INriPNAL ANt? '15~tt Pfi.3p5tAm

* C RUiINORV LAVFR kPI5.ClS IPICLUI)F.P IN 714F FU14MAT UF
C EFLC1AVC MASS 14LU.&:L AND A MIX104G LAYER OPiIUM SHIFT. *

C
C..$*MaSTLR W5J1IIRF.S --- INOUT. U1IP. 11U72M. ACP14S. CRflsS. TJMIX,
C J TER. THF VARIr4'S SliMIHWITIN5:S CALI, uTHtVNS.
C
C

D1KENSJUN P4B(5flO.5#2)# CI4ARI(S.30). CHARF(S.305. P2(S5. 1-M), 4,
I P3(5), A(20), VATA(1O.2). lPTI(5,3O), qPTE(S.3u)

C010"UFJ P"t$, CHAKI, CHANI, PI, P2,. PI
COMMON /A~rL,:S/TITl.TNTA2,1HFTAS,FIF2

CrmM~u" I'OATAIU/ GCI,(MNMAI.55S!ZXI.RI,ETAII.
IGCFGAMMAv..rmS1tXIrPIE,bLrAl7..PAOIOE.

i NPhIMNTNCASI .hCASF,ALOrPO.ENMGRO,. ,EC ir.RF.0F.

4 PIICH.PR(II,PPt)IE.POIFt)INSb4APt~.NPTSE.PRtI Ii:.
5 'dmVtFLT,bL.MTF,ALMTj

COMMON iCoi/CDOT.XIX1.RIX.NSEP3LPRTS.XTESTEL.SFPR.DCLTA
COMMONd lCW2/X2E*R2E
COMMON /CwJ/SIVMVS .5iGwI2.NCNPft5IGMANLE.XPAGE,NSNZ7T,
I TmpSLp.ALCoPl,ALC"p2
COMMOUN /ACROSfICRUSS.I'Pk

C
,hMNMS(ENS,GAUMA)zSUNT(((2,O*CEMSS*2))/(GA4qA,1.q))/

OTFL'53 (tS,GAlslA)zSuHT (2.O*GAlMNA,(GAMMAI.O3JS

I4OEVLT a I
Nd 5730

m NtrAsizo
10) IFt'4CASI.L0.NCASL) "CA5ISO

C
C 0eS06MEAiaRJTE UASE PRESSUN7 CASF inaper n'ITA****
c

CAbL I'4UUT
IV(NCASF.F0.Q) GO 10V i

CS*OSOSLS.ING ICAIII FUR (1) AND (f) STHP:AMS ARF SPECIFIED MVI45.

eg~juI.S*k1T

LCSO*0IN1IALIZATION or 9ASr PRE53URE ITFRATION WooP.
nT"AUIx(1. 0-TRUER 1/2.0

CS**S,:IPIPICAL Sr.PAPAriuk PREvSSURE RATIO ,,xs'R. Sjn% PMom-.-
C ZIJKUSKt. AIAA JOIUNAL, UCTIOPEH 14#67. VOL. S. 140J* 14, PP.174h-1751.
C p"Srp a 5.0t ,,3b%*(PACN %..),
CSO ff Ol. NAL/INTERNaI. tLIUWS 5FPlARYIlUt, PWFSIIN: RArli.

01.517 w 1.0 4 (1.Jb5s*fN'.IP
Pwujh a IlfI * rI.36b*'PhI
OPIIM a PR31C

PSISMOL'a in

- . ~imlx*

B-1
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2o IF (II4PP '.L* 11s'poix) GO TO 40

22 FORM'AT (lit 151.
a SIR 04soAxImilm NO. UP' IASk. PHtSS. ITI:RATI.J'dS EXCIMOVes */
2 I51.104 ***1.PRL 8 P-7.4,7X.7H4 PPR a Or?.4,2X, 4

3 1PH bPAU z *P1*4,4H 4141,/
'4 C

24 FUP-Al CISX,33H 004 PROP4ARILt F1.090 9FPAkATIO-4 FOR
a 20.4 SPECIFILJ DAlA S *)

WPITC (3p26)
2b FOR'4AT (ISi.

GO ro 2bO
C
CW*44CHECK THAT RPR 1s IN TIIE SUIII1TION RAPIGF. (ijPRLRP'eR).

40 If (HPN .GE, RPML) *AND. WitM LF:. et'14) Go ro so
b~'Iz(OPML4MPR )/2.O

C41*004CALCULATE THL1 EXPANSION PRESSURE hATInS FRo THE R)UNOAHI CALCS.
50 PPRIC a 4PN

PRAOIF a applepptoup

PRPMI.P141W1,PRIOI
PREU(PRBOIL*PRO0tOF,)/P9L4E
PROUISPHDOIF2SPAOIOE

C4044400wRITC THE CIIURENT fRIAlG SOL.UTIONI DATA.
CALL OUTlN(ISPRAENNII.PRIUIPROI.1PRlRII ,PAIOEOITI4JEI,PNIIE.

I ENE.PRIO1C.PRBUIIC.PhR1E.N'4E.PREOC.PRB0EPROIE,
2 PR.NoPRIN~T.LDR.FJGNUNSAPEMRCMPI

C*$*OTHE INTERNAL C0N3TANT PRESSUIRE SNORT 1S CAL.CULATED FOR (PBj'PII). -

CALL ACPBS(GANWAI ,FMSI I.PRBUI .11I,RII .RETAI (.RLI * I.PR.HPTSI,
I NPRIPTI.LJasITI.HITI@NSHAPT)

C*41040THE EXTERNAL CON31ANT PRESSUBRE e'h1R 13I CALCULAT.0 FOR (PR/POlE).
CALL ACFBS(GANNAE.EMSIE.PRIIOIFXIERIF.B1TAIERLE. IBPR.NPTSE,
I NPRINT.2vLIMITE#HPTE.NSHAPE)

CSs***IF IMPINGEMENT OCCURS, THE IMPINGELMLNT POIINT AN4D fHE FLUO
C PROPERTICS PIJNNSIREAM Of THE RECUPRE5SSflh SNUCK SYSTEM ARE FOUNU.

CALL CROSS(GA"1A I vdPTI LIMIT I GAPAE,PTF:,LINI TV,
I NIC.NEC.NSTJP.TJI, ,JM4LF,PPSIIJK.NI'Rl4T) -0*

Ifr(RLCOMP*PR3HOK *LT, 1.0 *A'40* NST(P V0(. 1) '45?UP112
Gi) TO (60,92,04), WSTOP

C
C CALCULATL THE 1LIUNDRY LATER VUMIN4TIJN THIKOWISS AFt"R

C THE BASE EXPANSION 13 C(IMPLLTF.O 051116 1.41 RkLSULTS
C OF NAS" PUBLISHED Aft R~b N. qfl.3J44.I'h3.
C

90 RLN TEPURL"Tf* (EfthI / FMMSF 14PTt 13,NEC.C A M AV)* /IP AI r.
I *uTFLMS1EM31L.GAMr4AI)/wTFLPSCRPTF.1I.NECI,GA4mAED

I *UTF,esS(p:MSli GAMNAI)/lTri,$SM.PTI(3,NICI.GAD'MAI)
C

ITcaO
GO TO 904

C4140440m) INVISCIII SjnwATJUk FkIAL CA51,5.
C MdIRROR fil, Nil .%IOLIII Ii.t ' N IAl.-i 8 WIS,4AX
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A cool'.i om .k u urivN--* .!oo I.'.J.m Y t j L I..R S .JCK S01,11111114 I~ . woW~~ ~ 1

C***Solw SO)LUTION)--- S4l P bLI.TtJI ip Ii.IEXIST FORF TRIAL VALUE.lr IIN.

04 MPW~gkPQ
86 MPPz(IIPML41sPPN)42.

NUSULfJx(Sn.pi* I

C10880SAX1IMUM NUm#bER Or NOtISLLUTION TI'J&L5% FxrrtuF.I3.
C

*~s 66 P1AT(// I
I 15XP494 $440AX1MIM NU. U11 Nil SOLUTION TRI&IS t.ACP:Lri~p)v.*
2 ISX,49H *9.*~*4.qS**V***SS$**4*S/

GO TO 260J

C11*411011STARET RASE. PRE.SSURE. AND IEMPt.RATI'P PATIO ItEP4AfI1JN LUUPS.
gO TI4hOIzTROFJ IF2L

100 TROULSTRI'OI/TRnCI
ITCI1TC#3

C4111111111CALCULATION AND OUTPUT (IF TUPHUTl-'T MIXING RESULTS.j
CALL TJNIX(GAMMAIGCI.OPT1(J.N1ChTRROI.TJ"LI.

1 GAMAE.GCESPT.(3.NC).TNHOI:.TJNLC.
2 RiI.EMSI I DCTA1I .HPTI(2,NtC).PRSHOK.
3 PU~rUI .TPOCI .PECUMPFL03.TNGR,

4 8LMTIb,0LMT'LbITC) .

C
C CALCULATE TH4E RtIu#4DPV hLELO RATES RATIUD TO
C THE MUZZLE MASS fLUW RATE
C

RLDPOEZSLNMTEP/Rt E*HiPVikI*PHRPI (I.OCOS(Pt.TAII ))*
I SONT(GCI/GCE/1l4UI)*.TFI,*iS(kPTE(3.N4EC) .GAMM4AE)/
2 WTf*L"SILM31IIGAMMAZ)
BLOR(IsBLNTII/RIXPPRSIIS(l.OCDS(METAII) 38l

I WTI'LMS(RPTI(3,141C),GAMNAI) 4 ,UTFI.MS(I:M311GAIMAI)

RLDRU3HLDR0F+AL6tf4Q!

EFIGRO1.ALLIPQI
ENjGR4(JENG~kOt., ENCHO I
CALL 00T2M(PRNEPRNII,PNOEI'1,TPSUI ,TPOOI.TNUEIPMOJTF PIRIItL,

I SLUN.EtIGI4NPRZNT.CP,CU.KLI)PUPNGNO)
C$***SLT-UP ITLRAIION LOOPS TO FIND'---
C %TYPExI (woISnE#.'RGtTIC), TpnOI aO THAT ENGRHEN'GRU.
C hTYPES2 (NONISO*NEPGLTIC). TRACI 50) THAT ALoRuNLoRu.
C NTYPFRI 111SUENEGETIC) CONTINUE TU DASh PRESSURE ITER.ATION LOOP
C TO fIN) AP S11 THAT 6l,f)xt§LURO.

GO TO (124,t26,210), "TYPE
CO*S*1T3S131 ITERATION LOOPS FOR THI: khoN-IStrNmFCQtTIC CASE.
124 VARII(ENCNkENGAO-ENGRU)

GO TO 130
126 VAfuU(dLDk-MLNIJ-L'P)
130 GU TO (140,142)o "t
140 UATA(IE.I1uTRBUI

tATA(IE,2IUVAP
CS*S111ITLRATJON FOR 1RtSOI SUCH THAT Frc.ux.'(;Af1 O 4,0 h 1s)NZIIlW.r

c (NUlE THAT TA14f)Y IS Nt'S1ICTril T11 THt. RANGE~ (IUII.l))
C

142 CAL ITER (TRoID .TbNHi(, I F.4, . 6, A , 41d. '~'

ITiamt -, dv A w , . F-nI I-,v A i. s,,itch iI v'j .#vI)
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46.

l'51) Go TO (I(.O,10.pt

C*4.*.*FrRAPOLAtI... IF NkCtSSAHY. f-111 TEPIj.W1.H1~R. RA'IN' THP4UI
C SUCH THAr FN4GI'x?4..Ni ON I4LIHzgI.)RU.

MIARS (LATA(1,2))-ASS (DATA(IP.2))) 17h,.1?0,100
170 lal

GiO TO 190

190 RATlUz(OATA(l1.1 )-t)ATA(I,1 1)/(VAAlIJ.2)-raAAU.23)
1PbUl2UAIA(l.t3-MATIO*L)ATA(1,2)

200 Gfn To (202,204), NTYPI:
202 TRFOzTHSO1

t.TYPE:82
GOl TO 90

204 TPIx'l RfOI
hTYP Eu I

C$**6*ENO TRonfl ITLRATION LOOPS. v
C4*#*CNTIU1E THE~ SASC PRESSURI. RATIO 1PPR) ITLRIATIO*4 LOUP ru FIND
C ((PR SU1CH THAT DVARzO.
C**.**FRo THE 004.IsnINERGLric CASF.

L)WARStTYLU-TS~bU)
GO TO 214

COSS.OmPO THE 130EN4LuGETIC CASE.
210 1PVARm(AlL0U#§,LORO.SLPR3

214 SIGNZUVAR/ASS(DVANI
IF(SIGN) 21N,210,222

GO TU 226
222 BPI4LSPR
226 lr(JIbP*.I) 230,230,234
230 DbVPu(SPM"-SPPL)/Zq

GO TO 238
234 3IGNuI, 0

DSPRXU(SPReSPRI i/(DVAAODVARI ) 3S1VAR
236 "PPI28Pp

OVAPIZOVAR
C*@*s9ITFPATIUM FOR 8PP SUCH THAT DVAPSO.

CALL I rER(SPS,DPPH. I .Of-4,SIGN,cVAR,..o,I .i1C5oIRPR.4RP4.
I iOPRN,DVARN.dPRP.DVARP,NSGN~t.mSGNN2)-

GO TO (20,20,d42), HOPP
C****SOL6UTIOm tOUNO.
242 GU TO (250,250,254), MTVPE
Cs***wITL SOLUTIUM DAlA,
C
250 wRtTL (3,252)
252 FORXAT(//t 2O3. 32H $$$NOW-IS0LNtIi(CTIC SlLUTIUN*O* 1/,

I 20K, 32H *@*SS*S*S*@SS*SS*/

GU TO 256

C

250 CUALUT2'/. 27A. 6" *ISDROEUPOLf4 RTkCliIN#' PWj t

C
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Jb7 FUI4MA1(d7I1.4.5R1tllNt1 5ULUIIN, SX, r)H Pk/PF z PH.S)

GOI TO 2NV

270 RI]FzPI1/HE
COOOSOCT ---T/#A ( II'116 CUOFrCIFNT).

C7 R 1 ((.Is*2,MO. 5GAMPAV.S(F.PN It **2)))(PI'41L9 I .04GAHAMA Is

C$*#*P--J1-TJ-FtTN.A4 fMOMF.11T1114 1,11X 1ATIU.

wir. O.27121 PkUitPRMIPlMFl..CV.H4FCT

272 FfJPIAT(2F2 1.4,5F11,5)
C
290 IF (NCASI .O.. NC4SAJ WNITF (7,2"42) (A(I),Il.201
2102 FIINMAT fA.,O4*,,.,4,,4*4*.,...,***

2995 IF (NCAS .GL. NCASI) GO TO 29nl

C
C *$$$*GO TO NEXT CASL**f**

%IE(5.300)

READ (5#*) IRUN

C

C$***SUPOUfIE WRITES OUT HFADINGS AND CURRFNI DATA 'ISED FUR THE
C I'NVISC1ID FLOW FIELD CALCULATIONS.

C

C
C 1 2 1-TH VALUE OF THE IftPlT HASE PRFSSJI4C RATIO.
C A m HECADING CARD DATA.
C
C **$ VON EITHERA 37RP.A AT (II). (Jt:3, OR (F--FREESTREAM).
C
C ECNN a MACH 41OECP.
C PRFO a PRESSIORE RATIO, PE/PO.

C Pool aBASE PRLSSUI4E NATIO. P%/Pl.
C
C PRIJE a INP1UT 3T491C I'RFSSI'RE RIT U OF STREAMS. PltiPE*
C TNUE! a STAGNATION frAF.PATUP. NA1lED OIF STRE.AMS, TUE/TOI.
C PRUCUIs 3TA6NATIU4 PA~bSUPF PATIO f STI4FA4S. PUE/POI.
C NPMINtT SEE StbROUTINE *INOUT'.
C PL%6NUvFGNO a SPECIFIFO VALUES Of THE "I.EPO ANO F.4FIPJ RATIOS.
C OSNAPLe 0, unf ROATTAIL.
C It OR2 3p --- UGIVE, I*AWAPL-L.IC, OR CONICAL NIJAIrAILS.
C

DIMNSION10 A(Jfl)

C

I PPU IPF GUN %10(, I
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I u. F-O T I I SA,-* --431 9 141400 -

-A ~ -R.S N P n rr hH-t w w w

2 2711.2514 0**4s*CUHHLN7 IA1AI**900.//,
3 l5Xl1H P11/Pt - F9 4,17X,IIH TUE/TO! z P8.5//,
4 15XvllM Pot/POS- 1 9:5,I7ZJ1M PUTI/Pu Nt.
5SISX.Qb4 HLUfO a E12.5, I11X, OH I1JGPI x E12.5,//,
b 22X.3114 ikTAL RASE PHE-SSIRE RATIlO. 14,/,

1 221.311$ 040 0* ees *tosse* so$* ** //)
C

WR4ITE (3,101) k.mN1I!, PI.1(I1 , pHtII , PH H1I

101 FIIRWA1(2(4X.224 ***1NTLHkdAL STHF'Afli*S, //,

1 151.MM IMNI! a F7,4,ZSX.131 P11/PrIT P3.6,//, I
2 15X,1.9 ES/PUt a FON.b,23I*94 P14/1111 x 1..
3 231.224 **4EX1ERNAL STHFAM**U, I
4 151.SH LMNIE z PT7.4,2bX.11H PIt/P(1ll. FRP.6,//,
5 351,914 PS/POIP~z PI,6,231*9n P8/PIE a Ph,1

WITE (3#102) LmNPPRI:UE.PRRUFpP"e "--
102 rO~HAI(30X,11H ***rRm.ESIHLAM*O* , 1f/,

2 151, 914 PS/POE * *u.b, 20X. 9Hq Ps/pc = F3.b.//)
C

Ip(NSHAPE) 103,103,105
C

4 tOJ WHITE (3,104)
104 IORMAT(21X,32H see NO HUATTAIL siPtP RASP $09 */

C

Ci~ ~ ~ 0 REURONL NO

C

C*0***UPROUTINE READiS IN THE1 INPUT DATA AND THEN CALCULATES THE INPUT
C DATA FUR 7THE MASTER PROGRAM. THE inkNTIPTCATION. HEADYNGS AND
C INPUT DATA ARE THEN WRITTEN OUT.
C

C

C

C RETO)I aPLnu ANGLE (IN DEGREES) AT (JlRIJ. CCc IS POSTIVE.
CC SEUIZI 13 (4) AND RET02E IS (#/-) 1
C SETIRI a INITIAL AFTERMODI71 ANGLE AT (X21.R2C).

IC SIJDRO a SPECIFIED VALUE Of THE bLEED RATIO.
C 8LAIE 8 EXTERNAL STREAM WUUNDRY l.ATER MOMENTUN ?HICRNFSS
C SLM4TI U INTERNAL STREAM UUMORY LATER MOMENTUM 1 HIKNESS
C ENGRO 3 SPPCIPJED VALUE Or IMP ENERGY RATIO.
C EMUP. a EXTERNAL- PLESTRLAN M4ACH NUPMMER.
C 114311 a MACjI STAR AT (11).
C GAMMA a RATIO OP SPECIFIC HEATS.
C GC a GAS CnNSTAMT (LI-1L-H
C IMEIOPT a 1, INPOIT IS HErAD 750W NAMELLIST nATA

C 2. INPI' IS In4PUT ,TERIA )111#4! 46.C PR~r;. *1* CUt'IllN
c KPRESR * it, PRIMl lb INPUT, AhN pw PN 1 IS CLCULArt..
C * 1 , PHUIP IS I WHIIT. Atli, I-Hllo IS *CAlCI.IA r.;'i*

B -6
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C NCASE a NUm9FP v UfPII-5,80k 1-A1IUS. P11/Pf FU ION ICH 14ASE

C PPSUFCLIGTUSANE TO OF NAOF fQR A GIVEN SET OF

C NOF.FLT a 0, THI. VARIAHLES AWL. Hk.LT TO THE 6VtEFAULT CIINFIGURATIUNO
C AFTER THE CASE (SET? IJ P14ESSURE NArius) is coMPLEtrD.
C Oc 1, THE VAPIAbLES mvILL NOT FIF FFS T AT UPON Cump[,ETOnm
C OF THE CASE.
C NOTE. --- CHANGING THE. VAGUE (IF SPLEIIITS vvILL FIRST AFFECT THE -

C CASE SI)CCEFFDJNG THE CASE IN %HICH IT IS CHANG.ED.
C NPlIINCM 8 0, SUMMARY LI1 PUT DATA NODT PIINCHEIJ.IC NpRINT a -1. INPUIT DATA ANI. MASF PRESSURf SOLk PRINILE.
C %SHAPE It 0. NO AFflRguOV. I

C a 1, OGIVE BOATIAIL.
C 83, PARABOLIC ROAtTAIL.
C a 3, COMICAL OUAI1AIl UPE FLARE.
C PRIIF x STATIC PRES~SURE RATIO UP STPFAmS, PII/PF:.

C PPUE(IJ a STAGNATION PRESSURkE RATIO OF STREAMS, PUE/PlUT.
C PROME a INTERNAL STIELAO STAGNATION PRESSURE To ETERNAL, STREA'EIC STATIC PRESSURE RATIO (tJOZLF CHAAkiER TO FHEESTkEAM -4

C STATIC PRFSSURF RATIO), PU1/PE.
C HCOMP a RECnNPRESSION COEFFICIENT 20.0

C NOTE -~Ir THE INPUT VAGUE Of pFCOmpzn.0 *AND.
C 1) NSHAPEzO, TNHN RECEJMP IS CALCu)LATED FROM

C EMPIRICAL EQUATION IJN CARO) 'Q. IR0412630..-
C 2) NSHAPLUI,2.3. THEN RECOMP IS CALCULATKD FROM

C wHITE'S EMPIRICAL CORRELATtON
C FIASI.I UN EPA DATA
C DELTA a BOUNDARY LATER THICKNESS
C SIGNFI It FACTOR FOR SIGMA-I
C SIG"E2 a FACTOR rUN SIGNA-E
C NNCIOP a 0 EMPIRICAL RLCOMPHFSb1UN COEFFICIENTS

C WHITE PPECTIVEGY
C a 1 RECOMPRE3SION CRITERION AFTER PAGF.APPRUXIMATED AT

C RS
C a 2 CORRECT PAGE CRITERION. CALCOLATED ITKRATIVELY

C (~~XPAGEa PRESCRIBED FRACTION 13F TJ4L2 FrUR DEFINING

C 4 ONERA CR1?. MODIFIED FUR TWO STREAM REATACI4MENT

C a 5 AS 4, BUT SECOND ORDER CORRECTION fUN PHID

c AS 4, BUT NUNLINEAR TREATMtENT IRECONP*I, NECESSARY)flC NSGA 0 SIGN& AFTER RST AND IRIPP
C a I SIGMA AFTER CHANNAPRAGADA
C NSHIFT a 0 ORIGIN SHIFT AFTER SOLIGNAC AMY) SIRIE (NHLF.ED.GT.OI

C a I ORIGIN SHIFT AtTER HILL (NfILEEfr.Gt.Q)
C a 2 ORIGIN SHIFT SUPPRESSEP
C ROSIGN a STING DIAMETER FOR NOJET-CASF (PPATIOZOI
C SEPRIS a ZU403KI CONSTANT

C TROE1 a STAGNATION TEMPERATURME PATIO OIF StREA"S. TUEFiTOI .

C XI,RI 2 CUUNOINAIL3 OF POINT wHFR. 5EPAkATiIJN OCCURS.

r (RI'S APE POSITIVE)
C l2k,N2Lm INITIAL, COORDINATES OF THE AFTENPUDY.

C
C
C *$*PRfSSURL RATIO NOTATION"'141

C
C
C PRIOl a Ph1POIl, pb'I1E a P13/pE, PWOU. x PilIIpk,

C PRIIIE a PII/PIF, PUIe.VI a POle./p'l. PRIUIE. a PIF/PUIF.

C Ppout a ROtE/Pong. PhrilkE a PP/POIE, P100cElJ a pOr./PoI,

C I'RBIE z PR/PIE. b'RRE'IE.a PI01111O, V4 ? ~I MI a pit/Pl.7

C PorpuI x PH/Put. PRke. a pf./vt , P I cc 2 plE/RP.

C
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C f) h 1~ C 4A RI, C 1 A k '1P P2 P I
COMMON /UATAIO/ GC,; .F-lAl,,t~tA~

IGCL,.(GAM 0A FF45SIE, X IF, 0IF. dC;raIl.P)I O~E,
TRO TI IFIRI IC,kCIJMP, A, Em~tI,1I,10 F. INI E,PR I rl I,

COMMNON P'(I/ O0.5IFNE,2AI5Sl). CHAITFA5.E3O).P(5,P2(5

I P3(5). A(20)
ENMdsF(S.GAMMA)ZSURT(((2.u)*(IRS$e2))/(cA44AI.U))/

ENSMNIC tAN ,GAP NA aSJRT( (0. 0 GAMN*A.0f)S( AV. 14#l/

N I (-GAMM~Ai(CAMPAA-1.0))
IF (MCASI.NE.0) GO TO muL

GCE:%3. 3b
GAMMAEGI .4
IECUNPMO.0
N POUNCHNO
NPRINT8-1
fLDROU0.0

SIGMF22I .0
NSHIFT8O
hANELIST/DATA/NPHINTD hSNAPE *XII.,PIE, X2EPA21 .RETOZE. MNE.
I IR I I ,HTII ,GC , GA M A I M I I T R OI , PRSR

C ....ACIV ....UT.........A

71 F;RMT(SX'!FNTER INPUT OPTION CHOICE, I1ILC 2zTEROINAL')

RF.AD0b.72) INOPT
72 ORMAT (11)

WI4I TE CS.b9 )
S9 FORNATIIN IERTTCR PCNp pICONPRFSsIOn CHOICEI,/.SX,

1102 EMPIRICAL NLC04P COEFf AFTER ADDY OR tMITE'1.1,SX,
211a KORST APPROXIMATION OF PAGEL CRITVRIDn'./,$X.
J'28 CORRECT PAGE CRITERIA CALCULATFD TTERATIVELYO,/,SX,
4'S' UNFRA ANGULAR REATIACHMNPE CRITFPRUIN.,SA
5*42 ONERA CRITERIA MOtJIVIED FOR 2-S7RIF:Av VEATTACH',/.SX,
6158 AS 4,SCDNn ORDER CORRECTION FIJI PHIDl./*SX.
716m AS 4,kO4LINF.AR TREATME14T (I(IUMPRt.N C.P)

RE:AD (5.13) MPCOP

IF (NRCMP.%E.O) GO TO 7

READ (Sob) RECOB9P

6 FORP AT(F6.)

is FORPAT(I 'NLMAP4AUt4rP11)M 7A'
12 CONMTIN #XX.XX'
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S Fni.4al (11 , .* 4TO, W NSH II '

FOM 7(.r( 11 )

IF (INtJPI.FU.1) G~U TU 70
C ***s*$*sihpui t.1 rppsAL PAWA-t TI.ISv** s0e*4sa*#* *****

Is FliIM4A r( I H Arl EW14UU, SHAPE P~AIA.r Ps:
I b t 11W -AT(IN m 0 - C VI.I f.DON ICA L At TFRIPlIl V
17 PfIR-AT( I H' 1 - t)G1 I 4OATI A IL'
I@ FORM.AT( I H 0 2 - PAkA14ULIC liuATTAILI)

19 FORMAT( I "' I 3 - CLJ I CAL Wf(A TA IL "AR tHARE')
20 FORMAT( I H 'ENTtW &VI.HP0Y SHAPL PAIkAQtTER I

wR1TC(S. 15)
*RITL(5, 16)

wHITE( 5, 19)
khilIf(b#20)
READ( 5.13J)NSHAPE

21 FURPA1(IN ,'&)DY AND NOZZLE rDIMNHSIllNS ARE RJELATIVE#)

22 VORMAT(IN $*THEYV CAN BE. INCHES, FCET, nik CALIBERS')

23 F(INwAT(1N ,'"X DIMLNSIONS ARF POSITIVF AFf')
,iITL(S.21 )
PRITE(S.22)
oNlTE(St23)

24 FOP-AT(114 VENTE.R -X- AT BODY BASE')
UN ATE C5.24)

25 FON'.ATI ,'IFM1EI RADIUS AT S~ODY BASE')
wRIT#USo25)
WRIT.( 5. 12)
IIAOC5,11)RIE

IF CNSHAPE.EG.O) GD TU 49

26 FORMAT(AN I'LNIER 6X* AT START Uf BriATTAIL')

OWITE(5&12)
kEAO(5, 11) 2E

27 FOR"AT(114 IENTER RAVIUS AT START nF RnATrAIL')
wuEs. 27)

I4LAfl(5.11) RE
29 FORMAT(IN *'ENTER SLOPE AT START Of HOLATTAIL - El')

wRITE(5,28)
WR1TE(5, 12)

R FAD(5,11 )RETf2E
29 FORMAM(N *'ENTER. FREE STREAM MACH NtuMtER')
49 WRtIE(5#29)

uNITE(S.12)
READ(5.II)FMNE

C *000s*08*41AAIPUT INTERNAL pHMT.5*#S***,.s
jo VO9NAT(IN t'ENTER -X" AT EMIP UF NOZZLF')

hIIITE(S*30)
oNITE(S. 12)
PEAUCS. 11)X11

32 FORMATt1 I",'ENTER NOZZLE EX IT RP AIUS'

URITL( 5,12)
READIS,11I)PI I

33 FORMAT( IN , 'ENTER IZZI: EX IT ANG.LE - D.r.)
nPITEC. 33)
WRITti(5,12)
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14~~~~~~~~ ~ ~ ~ F OR 14 A T. 114 V. o4 rk k -.- U r-LASC01 . A1

Fs INH1ArM 53.34 FUR IR~s')

PWITLEb#S) 2

kL~AU(5s II GCI
36, tORMAT(1IN *'FNTLR PJUZZL&. GAmPA 1.I4 rUaN AIR*)

wRITL(5. 36)

* HFAI)(5.1I )GA4AA
31 VFJIMAT(Im tFrNTER NOZZLE EXIT opACH r,14 ,OR)

WRITr(5037)

REAri(s 1 IFmMlI
38 rUHRAt(IH #ENTER EXTE:RNAL T11IN ~TERNAL STRE.AM Sr&GNATIUN')
39 FOIR4AT(1h O'TEMPLRAURE. RATZU - O/01

WITI.(5093)
NRITE(S. 39)I PF4DCS. II TRUFI

40 ruwMAT(INl #ENTER NUMbER Uf CASFS - 11')
71U wRITE(5@40)

REAO(5. IJ)NCASE
IF (INOPT.EJ.1) MLAD(4.DATA)
IF (IROPT*EO.I) GO 10 79

41 FURMAT(IN of ENTER TYPE or PRESSURE RATIO INPUT')
42 FORMAT(IN .' r OR INTERNA. STAGNATIUNIEXT STutic PRESSURE')
43 FORMAT(IN4* 0 FUR INTERNAL STATICIEXTERNAL STATIC PRESSUHL')

WHITE( 5.43)
bRITE(5s423
uIITE(SP43)
REAV(5s.13)KPRESP

44 FORMATCI *'ENTRc POJ/Pff)
45 FORNAT(IN #'ENTER PJlPr$1
C*SSSVCALCULAION or PROGRAM DATA,

19 %ETAlI 0.0174532'SETOII
EMSIK 2 L0MNNI(EMMNIIGAMMAI)
PRIOI a PRMNF(EMNIIGAM0AZ)
Dil a 2s0$RlI
DIE a 2.uoa1c
XIIDIL a AIX/DIE
rNSE UrMSMFr(LMNE.GAMMAE)
PPEOE U PMNI(MIEGAmMPAE)

Ir(SHPFWf0IGO TOa~~U Al

LMSIK EMa
PRIOIE aPREOE

56 ETA2Lw0. C1453u1:(4.1
CEAL.G 5. 1%I~Ak

I lt"PS~pNLPfJP Bbj

C944*3E-UPnAT rnaEKIRNA STEWS EPAATIM Ptir

R7.-... . - -

ENI 2 CHA .C(3. -



J. X . *~

P~flolral .0

IM 2.u*RE
X211)2t 8 X2/U2t

% xhIolf a AIE/fl2c

% OIE202 a IP.F/02t.
C40*OEO4PRESSION C11MFIC1It.T WflTEPaINATIUN. *

62 If(YCovP.GT.l.lih&03) GU Til 0II '

MFNSHAPP.NE.O) GO TO b4
* C40414040OR CIINDR ICAI. AfTFIkf-0LvItS.

ALCU"P a .403 + I.O0b*RIEI - fI.1749N1I1**2 0 .3JlI*A1*Si
GO To on

C*$***VFR lhOArTAIt.EO &v IF.i4)tpS.
b4 RATJrJu Rx Rr/ O0btl /2.l1T2)

SO41TAn Bk.Tg2EBETIhJ
Emma -0,lM7S*SKiETA+0.5S
tF (StHETA.UT.-N.) 0*M-0.57S*S14FTA-2.i5
IF (SPETA.GT.-4.) LM~x-O.0375*Sbl~kA,1.lS

* Rl.COMI'a E~mMRAy~lo.S
C

80 MCA.3I a NCASI * I
C**$vvTkAiSFLN (JR I4LAf NEw CASE D'ATA.

lF(u(PRESR.G?.0)GO TO 02

wRITI:(S5. 2

RF.Af(5.11I)PRATIO
GO TO AN

82 CALL iiEkP(l0o5)

PRIIE(5. 12)
kEAD(5.lh)PRATfU

SI !F(KPRESI'.NE.0) GO 10 90
C*****OQR Pit/dPE (PRIJE) INPUT,

PRILUPI4ATIO
PvnOEnpRIIE./PRIOI
GO TO 92

Cs***.rOR POI/PE (PRUIE) INPUT, *~

90 PNUICUPRATI0
PRIZE * PR~lL*PRIOI

C***CALCUGATE VARIOUS PRESSURE RATIOS FROM WFW CASE DATA.
92 PNUFUIuPRIOI/(I'PE0E*PRlIC)

PRII LEPPIOM/POIEOI*PRIOIE)
Pi~tEC2PR1OhE*PROIll)EiPREOE
*RLTE(5.46)

46 FOPPAr(IM.'ENTLR BOUNORV LAYFR UOPEkTION THICKNESS AT OD BASE')
WNITE(S.12)

WAITE(S#47)
47 fOPNAT(IM.*CfwTCR Mu~uhv l.ATFR PUMFNWTUP THICKE4ISS~ AT M#uZZL. EXJTI)

C*6**OPP1NT CASk DArA.
wRITE (3*94) CA(J).t.I2lfl). Nl4CmP,NCASI

94 FORMAT( IHI SX.20A4,2A. ftRCurzt,ejj9I4P4-J4L.4 1(IM*4k 13,//)
C

MFNSHAPF.LU.OI GO' TO 100
GO TO (I'0.l20,Idfl).NS9APL.

C
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100 WRITF (3.110) .

110 FORMqAT (29X,21h ***UGIVE $'ATTAIL0** )
GO TO IbO

44,120 WRITE (3.1301
130 FORMAT (27X,25H $*P~ARABOLIC I2A17AILS**#

GO TU IbU
C

4140 wRITE (3,150).,,
150 FORMAT (20X,234 $$#CONICAL IOAT1AIL*04 M'/

160 WRITE (3,170) X2E, k2F.. 1.FTtD2Ev F4Es CNI?. PRIII.
170 FORMAT (151,614 X2Fu fb.J,7X,61l PREa Fb6.3.9X1t44 KkTA2L(flFG)

IF7.3,f,IbX.GN FARE 8 F.774, 4X,9k CUOT z Fb6.3,

2 7X,94 it/PL a F775./j'3
C

I G;AMMAE.G.CE, XII.. RIF,1FTIoECN IF.EMS1E.PRIOI C
190 FORMAT(101.41k 04*TOU.5714kAN bASF PRESSUE PMOGRAP*fs SX,.

I ION4 PROb, NO. 14,/o4X,234 *****INPUT DATA*$#$*$,/,
2 211.224 $$$INTERNAL STREAMS$$, ,/v

3 ISX*94 GAI4WAI. F5.3. 51.164 GAS CONSTANT a r7.2.IIH LO-FrT/LA-Re
4 / tsx1,)i xtia rb.3.71.614 Rtix rb.j,9x,144 BETAII(OCG)o F7.3./,
s t51.114 EmNIT zrF7,4.8HUI EmSII 7F7.4p6X,10 P11/P~t zF7.5,
b /,2@X,22H **SEXTI.NNAL STkrCA*S*,.'
7 151.9k GAMArs FS., 5X.164 GAS CONSTANT a F7.2,1I1H LMRfT/LR-R.
V I .151.614 xiI. rb.3.7x.64 RIan r6.3.9X.144 BC1AIC(DEG)a r7.3./v
9 15X.914 LMN1FR a7,.4,4B ENSIL SF7.4,bX.I1N Pit/PumI mr7.s/)

C
WRITE (0#200) PRIMF. TROFl. RLDRO. EMGREJ.BL.NTE,BLMTI

200 roRmATc2tx,364 s*S**vSASC PRE.SSURE. CASE DATA$**$*$, 1,
I I51.1114 PlIIPE a 79.4.171,1314 TOF/TOI a re6,/,1
2 I51. 914 FLDRO a E12.5. 161 9H ENGRO F 12.5../
I 251. 914 BIJTE a 912.6 16X, 914 bLMTI a E12.5,1)

WRITE 03.210) RECUMP1.
210 FORMAT( I@X, 32H os*ArcomPpF.ssius COEFFICIENT a rs5, 3H**s, -

.4 C
MFTURM
STOP
EMU

C **S*S*SS*#S5*S*S***O*#**S*S***SS

C
SUBROUTINE ACPSS(GAMMA.EpSI .PRATIOXCORCLI.IITAO.RIAT.NCALC.NPTS,

I MPHIT,NrLow.NPPTS,9PTSNSWAPE)
C
C44646AXISYMMETAIC CONSTANT PRESSIIRF BOUNDARY S1IRPROGRA1N (ACPBS).
C
C INTERNAL FLOW INFLU00I) --- UNIFURN (JR CONICAL SUPERSON1IC FLOW.
C CALCULATIONS ARE FUR THE* 0LUwLII.HALI [
C Of THE FLOW FIELU.
C
C EXTERNAL FLOW IWPLOnW3Z) -- INITIALLY IINTFORM 511PERSONIC FLO..
C CALCULATIONS ARE roR THF. *UPPI.R-NALFO

C

C NOTE -. INPUT ANO OUjTPIIT DAnr API. FOR THK $UIPPER-14ALf* OF FLOW
C FiFLo. 2141 1)jusrMENT Ot THI.SE D'ATA rum r.41 CALCIILATIIINS i
C 1S MADE. INTERNALLY.
C
C SIJRPREIGRAN REUiUlb#Ls--- OTPUT, I-Amot, dI.IC,CMFLIC, FPViS, APSCPM8,
C mCl)ATA lijt'714'11,TS ST.
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.4.. C

C GAMMA a RATIO OF THE SP .CltlC 11FATS.

C EM"SI a INITIAL MAC14 SIAN AT PfilnT 1.
C PRATIOu EXPANSION PPESS.DRE PA-rIO (P/Pfli.
C xCn a LUN.GITISDINAL CUORUlNATfr AHN:E FP1AWSIIJN (S CKWTF.REfl.
C RCO a RADIAL CUORI)14ATE I(LRL LXPANSION IS CLNTF.OU, PUSrIvE.

C OFA FLOW ANGLk., RADIANS# AT (XCll,RCrl) FUR~ INrHM.AL FLOW, PUS.
*C VLNT a LIrING VALUE (it THE RADIUS FOR TERMINATInG CALCULATIUN.S'

C (MAX. R 10R INTLRNAL FLVA AND0 MIN. R FOR FxTVRNAI. FLU.) L:

C 61CALC x CURRF:14T CALCULATION MFF~R

C z 1, THE INITIAL CdARACTkRISTIC DATA IS CAICIILATEO).
C .GT.It INMtAL CHAR. DATA TAKIN FROM ONm Or rHF STORED ARRAYS.
C NPTS a NO. OF POINTS OR 11CREMFNTS UN INITIAL6 1T-CHARACTfrRISTIC.
C NPRINTa -1 UP 0, C.P.P. DATA NOT PIRIFT.
C *1, C.P.S. DAIA PRINIE..
C NFLIOu a 1# 1t11.RNAL FLOW.
C 2. FETEMMAL 71.0..
C W14PTS a NUMBER OIONDATA ARRATS CALULAMT.
C NPTS a BUUIMRO OUR P OINTSAT AR A 1LCIITS
C PMII, CHARI, CHARE a ARRAYS FOR OLTHOC Of CHARACfERISTICS.
C
C **mnUTPUT DATA (IN ORDEMJ**$
C

C INPUT DATA TO ACPHS
C PRATIDE LAPANSItJN PRESSURE RATIO (P/PO).
C ENN2 a MACH NMBMER ALONG bOIINDARV AFTER EXPANSIO4.
C EMS2 a MACH STAR ALONG 9OUNDARY AFTER EXPANSION.
C X a LONGITUDINAL COORDINATE OFi' HOIINOART POINT.
C p a RADIAL COORDINATE Of BOUNDARY POINt.
C THEFTA a LOCAL FLOW ANGLE AT RU(INDPR POINT (IN DEGREES).
C
C

DIMEO4SION PxR(lO0,5,2)* CNARI(S.3l), CHARE(Sp30). Pt(S) P20S).
1 P3(S), PIS(SviO), SIGN(S)

COMMONi PM6, CHARI. CHARE, Pl, P2, P3
C4$**SINPUT DATA# SOME OUTPUT DATA, AND COLulMN HEAI)INGS ARE PRINTED.

CALL OUTPUT(GAMA,EMSI ,PRATIO,BtTAO,NPRINT,NFLUd)
C0*4*0SET INPUT DATA FOR THE FLO" FIELD CALCULATIONS,

GO TO (2.4), NFLOW
2 RCz-RC0 4
ICEXCO '%
RETAIM-BETAU
GO TO 6

4 HCuRCO
XCZ ICO
uETAsGETAU

6 CONTINUE
COOOOOSET SIGNS FOR CONVERTING OUTPUT DATA TO THE *UPPER-HALF*

C OF THE FLO* FIELD* .

C
Do 30 golfs
GO TO (10t203. "FbOM

GO TO J0
* 20 SIGNMa.ft

30 CONTINUL
Cos***Tmg MAXIMUM MUMER fl tAMILT I CHARACTERISTICS FOR 6141CH

C CALCULATIONS ARE MADL IS SPLCIFiFLI HERE (MAX. 1,I4IT 15 30).
C-

LIIT*3O
Cf**$TNF INMTAL Il-CHAR. IS %Us SIIM~jIfII'F AII IRE 14(1i141. CIIAM.
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C IA A CALCIII.A I P) C A&A 1"11 fit I @tC-ei. *'l.~ S 3 29).

S C
I F ( NC 4LC-l I1 5n Sf t .I I 1

5A GiJ TO (hl..)* FLLU

C404140FR INfI:hAL tLU* 
.6li

Ceesss1FRu UNIFORM F1.0a.
70 CALL UFL(1C(GAmNA F:-S IXC, RC NTSCHAR I , N0-.11a)*

Gil TO 110
C400004FOR COMNICAL FLiN%.

80 CALI. CNFLOC(GAMMA.I14$1,htTAXCPCPPTSI
G~O TO 110

C4*40410FOR 1XTLIINAL FLO' FIELD.
941 IFI14SHAPI.) 96,46,100

C114004FUR UNIFURP FXTERNAL FLOOP WIIHOULT A L8lATTA1IL.
96 CALL UFLUC(GANMA.LMSI .XC.RC.LIN1II.CHARIIdFLOWJ

NP TSZL INIT
GO TU 110

C*$*$SFUR 11NIFURM EXTERNAL FlOW.b WITH A 14UATTAIL.
100 LIMITXNPTS

C91040STME PRANVTL-'IEYLN EXPANSION AT (XC.PC) IS NO SUNI)IVIL)ED.
110 CALL PNSRR(GAMN-A.INSI.PRATIO.I4F.1A,XC.RCNJ

C'*SSSKI IS MUMMER Of FAMILY 11 CHAR. FOR SIJMDIVIDED EXPANSION.
KI a K * 1

C40400STEIPAGE Of INITIAL HOUNDARY POINT DATA*

DO 120 M311*4
120 APTSINvl)USIGM(M)4PNRt(KI#,I)

C400STHE INITIAL BOUNDARY POINT DATA 1S PRINTED*.
CALL oursum(I.PRIPT.IPTS)

C41#418THL. FLU. FIELD CALCULATIONS ARE NOW MADE ALONG FAQILT 1 CHARS. 1

C STARTING FROM THE INPUT POINTS UP THE SUADIVIOCO INITIAL
C FAMILY 11 CHARACTERIS1ICS TO THE. bIOINDARY. THIS SEOUENICE IS
C NOT APPLICABLE FOR INE FIRST AND SURSEOCIENT AXIS POINTS.

DU 190 N32,01PTS

C04041SLOAD INITIAL FAMILY 11 CHARACTCR1STIC DATA,
DO 150 M21,4
GO TO (130,140), NFLOW

230 Pm8(1.M,2)mCNARJIAMN)
GO TO 150 -

140 PMR(I .111,111CHARC(M.")
150 CONTINUE

C41*4144CALCULATIUNS ARE FOR THE CURRE.NT N-TM PIINY UN THE INITIAL
C FAMILY 11 CHARACTERISTlCe
C

noU 160 Ldtex

Cf*$$SCALCULATIU%3 ARE FOR Tilt CURRFENT L-TH EXPANSION INCkEMLNT.
C*'SSLOAD IVATA/ FIELD POINT CALCULATION/~ STUR[ DATA.

CALL MCDATA(l.,L,#.L3,KPTS)
ht CALL FPS(GAPMA, P1, P2, P3# NERRIIR)

IF(N1RRU) 270,154.Ibt
154 CALL CDA1A(2s1LI.L2vL#,KPS)
160 CONTINUE

C101100ALL FIELD POITS UN N-TM FAMILY I CHAR. HAVE RFF.N CALCIOLATt.U.
CS111SLOAD DAAI BOUNDARY POINT CALCOLATI(lk/ STORE DATA.

CALL MCDATA(A#K*l@K*l#L3,KPTS)
CALL CPMS(GAMMA, P1, P2. P3, NERRUR)
IF(NERROR) 270,164,164

164 CALL MCDATA(2LIL2,0',KPTS) 1
N8PTSwk8Pf3I~i

DO 170 421,4
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C#...eCMARAC(FRISTICS VAfA SNHUT.

CA, MCOATA( 3,LI .L2,L3,K.2)

CALL UUrbOV(N.NPkINT,0PTS)
CALL TE5E(4L4T,NSIMI .NfILO%#"#PTSJ
GO TO (100,260), NSTMT

CS*40AL)VANCC imrEx FOR m~x1 INPUT POINT ON INITIAL CHARACTFRISTIC.
180 KaSN*l

GO TO (190,2bO1. NFLOW
C*0040THIS SLOUENCE APPLILS ONLY TO THE. INTE:RNAL fLOd aF'WRf THE AXIS
C POINTS A COSIUCRED.
C*4**THL MUMMER OF PoINTS TO BE CALVCILATED ALONG EACH FAf*I6Y I CHAR.
C 15 NUd CONSTANT AD GIVEN AT ftj*
C

190 KIZI(41
KPTSzK1 .1
NZNPTS

COSSOOT4P ELEMENTS IN THE N-TN COUMPN Of THE PMN ARRAY AME SHIFTED
C D~wN ONE NOo TO SET-UP THE CALCULATION SLOUENCE.

fU 210 LMI.KI

00 200 "21,4
200PN(IIN)SMLIM)
210 CONTINUE

CS***THF CALCULATIONS ARE NOW MADE ALONG THE (N+Ih-TM FAMILY I CHAR.
220 NUN*1

Ce**eLOAD DATA/ AXIS POINT CAGCULATZOXI STORE DATA@
CALL MCOATA(I1.22.I)KPTS)
CALL APS (GAMMA. P2, P3, NERROP
IF(NFRROM) 210,224,224

224 CALL NCUATA(2.LIpL2.I.KPTS)
C*****CALCULATIUNt OF REM.AINDER OF FIELD POINTS ON N-TN FAMILY I CHAR,

DO 230 L22.A
C*****LOAD DATA/ FIELD POINT CA6CULATION/ STORE DATA.

CALL MCDATA(I.L-I.LI9L3#KPTS)
CALL. FPS(UosAMMA PI, P2, P3, NE.NIORI
IF(NERRON) 270,229,228

229 CALL MCOATA(2.L1.L2vL.KPT3)
230 CONTINUE

C**4$*bOAD DATA/ snOMDARY POINT CALCIILATION' STORE DATA.
CALL MCOATA(IKI*KII,L3,KPTS)
CALL CPBS(GANMA, PI, P2, P3, NENPOR)
ItNENROHI 270,234,234

234 CALL MCDATA(2.LIL2.MI+I ,KPTS)
NOPTSaNSPTS* l '

40DO 240 "21,41I RITD

L. COSSOeCHARACTF.RISTICS DATA SHIFT.

C09$8*THE CURRENT DOUNDARf ON AA 5PITP
CAL6L OUTSUY(N,"PRINtT*8PTS)
CALL TtLT(RLNT.NSTMT.kFLO.v,NSITS)
GO TO (250,260), MSTMT

C00400COPPARISO" WITH LIMITING kU)M$FP OF FhiluJ FIELD CALCOILAJDNS.
250 mhI-LINIT?) 220,2b0,260

C44000IF NEGATIVF, CONTIAUL CALCULATIUNS4.
CS.SSOIF ZERO ON PUSTIVE. RCTOUN TU MASTCH.

260 CONTINUE
270 RETURN

I .SIUP.v I JMLT IT.101I14 .INNiI , o4um IM r I

B-15

7., .



%

C
C010004THIS SURNUUT1~t CA16CUIATfS THE 1IItjr.s.D'iT P(I1df 'IF THi.

C SUPFRSUNI1C !Pi([I4NkL (1) AND I.XIIF'4A, (F) srRLANS.
C
C SUkRUUTIMiE REEUUIRLkS - 'RSN?..SLIP.
C
C *s*VARIA&ILLS#*8

C GAAPAI 2 RATIO Ut INC SPFCIIIC FIA( OR l,4I' INrE4rdAL SYrLA".

C 14P?! u INTLkNHAL STPLAM 14(IURV~ flATI*
C LIMITI 9 NU'.$EN Ur INTL.hNAio STREAM &011'.I)AIJV POINTS.

C (AMMAL a RAIO Of' THF SPECIFIC H41ATS fON TN*. E~fFRNAL STREAM.
C 8PTCi a EXTERNAL SIPIAM 14(IINPAIY PATA.

C LlmliTt a Nopos~w OF EXTER'NAL 6THFAMI 140110JgARY PUINrS.

C NIC a LOCATON No. Lif 114TFRIYAL STPFAM 114PNGLAENT PUINT.

C NPC a GOCATI(4 40, Ot CXTfPNAL STPPAN IA4PItJGE4ENT PUINT.

C NSTOP a 0, S0OLUTIUm FOUND.
C z 1, 40 IMPINGEutNT.
C a 2, NO SHLICk SOLUTION,
C a 3, impINGF.Nhr lO'IPE SI.PANATIIJN.

C TJMLI 8 INTERNAL lURt~iILENT JET FAIXING LENGTH,

C TJRL a EXTERNdAL TURNULANT JET MIXING lENkGTH.

C FISF2 2 AHSCISSA FUR AX13YPMLTRIC CuRRECTIOn TF.N4S IiSE.I) IN ONEI4A

C ANGULAR REATACHMENT CRITFkION

C PkSNUK a STATIC PRESS. PATIO (RISE) ACROSS Thl61JUE SHOCK SYSTEM.

C NPRINT a SEE SUBROUTINE. *IMOITS.
C
C OPTI(M.N) AND hPTC(M,N) ARE ROIINDAAY POINT DATA ARRAYS WHERE

C M21,4 AND INDICATCS VARIAPLE AS IN PMA ARRAY.

C NZ1,6XNITI, UP LIMITE INOICATES THE NUIiM4ARY POINT.

C
C

DIMENSION XI(JO).Rl(30),XE(30).RfFI 30),RPTJ(S#iO).N4PlE(5,3OI

COMMOM /ANGLES/THETAI.THETA2,TNFTAS.FI.F2
ENNMSF(EM3.GANMAIUSQRT(((2.O*(ENS*02))/(GAMMA*I.))/

£ (t.0.((GAPMA.0 .I.(GA4A.D)6(ENS$S23))
C10*000LOADING Of CON3TANT.PRESSURE MOII'LiAUI PUINI DATA.

DUI 10 NffI#LIMITI
XI(NZs"PII(I.Nl)

10 RI(N) 2 IOFTI(2,N)
DO 20 NuI.LIMITE
XE(M) a 8PtE(I.N)

20 PECK) x splE(2.")

C***sSET INITIAL VALUES.
NSIDPuI

NImAXoGINIT1I
NF.NAXsUlINTE-l

C***$CHECK FOR IMPINGEMENT UPSTREAM Ofr THF SEPARATION POINNTS.
cssss*oro IMF INTERANAL STkEAM.

DO 30 NIUI.NINAX
Sl a (aI(NI41J - MI(NI))IE.I(MI411 - KICKI))
IP(ABS(SESJ1) .LT. I.UE-O0S) GO TO 3fl
XIMP a (RJC4I) - RUCNE) 0 8ISXt(NEI - 31X(~l/S.*S)

I (XINP.L6E.MM(E))) GO TOl 50
30 CONTINUE

C60640FOR THE EXTERNAL STNIAll 77
81o.0

D0 40 NINItNI4Al
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W& V, (lI N F. P) I.N t 3Ik I UL,) I X F(N L J
IV(A ts 5C~k 5 *LI51 1,1. I .CE 5) GO I(' 4n
X1MP 2 (R I (MI) - kylNf 4F S1.*EI (ht. - SIOKI(IMM)/SF, Sit

(XIP~lL.%(NI))GO TO 70

*40 CONTINUE
GO TO 100

C'**$*J1 IMPINGC'Flil 'JCC1'PS.
so RIMI' z CS9I(X(J)-1N))4 SPI(NI) % I1FN.)(I-I

C
WRITE. (3.00O) XIMPORIMP i

bO FRMHAT( 15X, 4N14 0000001"PXI.GEMPhT1W (If IM INrER'dAb STWIAm OCCURS ,

I 2IX. 47H14FH.FURF~ StPAIRAT1U UV THEf IVAT1.NAL STWEA4$**** ~
2 16X# 27H4 INPINGKMV~iT t'CCUPS AT X a F10.6, Si, 9# Alin R z F10.6 /
no To 903

C
70 PIMP x (S1.'Sj*(X1.NE)-xt(N1)) + 5ikSHI(NI) -SIORE(NE))(SE-SI)

C
smITE (),NO0) XIqpAI~pP

00 VORMAT( 151, 40H4 0*94*IMPINGEMIN? OF Tiff EXT7.R'AL STRE.AM OCCURS/
I 21X, 4714 licORi. SLIJAkATIUM OF INC INTEI4NAk, STREA4*040*S
2 16X, 2714 IMPINGEMENT OCCURS AT X a 7j0b. Si. 914 AND N4 a 710.6 #

C
90 NSTOPul

Go To 230
CS***SCALCUI.ATlUW or CUNSTANr -PRLSSUPE b4UUNDAPICS 1INPINGLIOENT POINT.
too 00 120 r4131.NIMAI

3I a (RI(MI.I) - RICN))/(XI(NI,1) - XIINl))
DO 110 NERZDNEKAX
St a (RC(NE,13 - PF(NE))/tXE("ClI) - XE(N7.))
ira(AsEs-si1 .6r,. 1.01-051 GU TO 110
XIMP a (P1(441) - RMEiF) # SE*XF(PiE) - SIOXII(MI)(SE 31S)
im((ImP.Gt.xI(mI3) *ANO. (xImP.LP.XI(MT,1I) *AND.

I (XLNP.GE.XE(MC)3 *AND. (XIMP.L.E.Xlr(kE,113) GO TO 140
110 CONTINU.
120 CONTINUE

C*****VO NO IMPINGIMENT Of THlE STREAMS.
wRiTE (3,130)

130 FIIRPAT(tei, 4114 *S*IMPINGEPENT 007.8 mnO OCCUR "ItIIN THE 1
1 19X, 4414 RANGE OF CONSIANT-PR.SSlIIF BUIIIIARV 0ATAS* /)
NSTUP22
G0 TO 230

C**4*rOR IMPINGENFNT or THE STREAMS,
140 PIMP a (SE*3I*(XL(ME)-XI(NlI) # SLOPIINI) *St*NC(NW)/(SC-SIl

NICUNZ,1
NFCUNE*t

Cssss$INTERPOLATI~ik FOR THlE FbOb VANIA14LFS AT THE IMP14GEqkNT POINT.
0)0 150 MSJ4
I3PT1(M,NIFC) a OPrI(A.hic.1) * ((AIMP - XI(NIC-1))/

I (XItUIC) - AI(NIC-MMA*(P1I('4.NIC) - IPTItN.NIC-I))
150 IPTFK(MpNLC) a OPTE(M.NEC-1) 4 (4114P - i1(MEC-Ml3

I (XEINEC) - Xt(WFIC-1)))*(RPTkIA.NC) *RPTEPI,NErC-1))

C608*0STORI COORUnINATL3 Or THEk ImPtmGtImIN POINT.
SPTI(1.NIc) a lIMP
*PI(2.NAC) a NIAIP
OPYL(l.NEC)a XINP
6PT9(2eXLC) 0 lIMP
THETAls NPTI(4,NIC)
THFIA28 lpPTI(4.NI.C)

COOCALCIOLOTJON 07 rHE MIXING LKMNGTM5 Atll, or F FOR4 411S14. liMH4A CRIT.
.4 TJPLIGO.0

DoI. IbO '482,4IC
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'~~~~~..' ~ ~ ~ i .P' . _''P. 1JJ Vw~ ~ J~7~~~WJWJW W E ~ NW I~~ 3'

VSMSJNT I M T I I.tj - PI ( I li- ))# ;P 14PI' ( 2 N ) lit rt 2, N 1) * .

TJMLEarM.LO
160 t7 1:F.(PT(N),PI2.4)fl%

TJPLCXTJkLE*0S
170 l*2a12t(NPTE(2,N)4hPIE(JN-1 I)*fl~b*US

F3372/(TJmL6R IAP)
C....oIorPUT IMPINGEMENT POINT DATA.

LAN! x EmkSF(i.PV1(3,"IC).GAMPA7)
ITHLT01 a 57.l95Il9%$v'I(4.h1IC)
ERNE. 2 CINMSF(8PITC( 3.vEC) DGAmMAE)

1HLTDt a 57.29S7195$8PTL(4tJLC)

!F(NPIIINT.I,T.UJ 60 TU 200

190 FOR"A?(//jX4H*A INENLSTA4IPNGMA ONTS I

390 I 41 fOMA(/v8XA2?$A LET( IRAL STREA M IPIN PUINTS PONS**li

.p4 S1. 514 I a FIO.bo 1 SR. R a F 10.6, SX. 12H MACH NO. a r10.bo//.
S 51. 1514 TI4ErA(DEG.) a F10.6. 5X, 27H4 MIXING LENGrH a FIO.b./)

C
Cs**fCALCUI.ATIUM OF THE RECOMPRESSION SHOCK SYSEm".
COSSVCALCULATIUM Of T'4E SLIPLINL ANGLE.

~20CALL SLIP(SPTI(3.MIC).SPTI(4,NIC).GAMMAI.
I BPTE(3,NEC).SPTE(4,OIFC)GAMIAE.
2 THETAS.MSTOP)

C*4*DUES THE SOLUTION FURI THE SLIPIRIN ANGLE W(ST.
GIJ TO (210,230,230), NSTOP

C*0*46CALCULAT1Uk Uf THlE STATIC PRCSSURE RATIO ACROSS !'4E SHUCK SYSTEM.
'N C (NOTE P93HOKISPRSMOKESPR14UK,)

210 DELTAI a (RPTI(4.MICJ THETAS)
PHSHOK a PISK(SPTI(3.NIC),DrLTAIGAMMAI)

COSS*OUTPUT Of SHOCK SYSTEM UAlA.
C

IbRITE (3P220) THETAS.ppsHI1K
220) FORMAT(ISA, 48H4 90SUBLJOUE SMOCK SYSTEM AT IMPINGEMENT POINT*#*//,

I 5X, 2314 SLIPLIIIE ANGLECOEG.) a F10.1,.

C 2 51. 2414 STATIC POES3URE RATIO a F10.6.//) V-

210 RETURN
END
SUROUTIM. TJNIX(GAMMAIGCIEMSI.IRRf,2.TJMLI.

I QAMwA2,GC2,rws2,T(AO2,TJL3,
3 Ph I vLOS% I sbfTAN I . JP I 'NPSHO,I
I PpnflITpU2IPCUMP.4,RI,R.GH~dLti.riAL"TJ.1TC)

C ENCPGY RATIOS FUS'~ rI )U-54AFAM TPTF'PACTJ4 PHUIILLA.

C
C S110ROUTIME REQUIRES --- TIGRAL.%.
C
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C *v$VAPIA[4L1.SS$
C
C FOR FITHkM SII4EAN I UP J
C
C GAMMA a NArTU Of SP1.CIFIC lilATS.
C GC a Gas CWSAT- Lb-T18-)

*C LA 14 MACH srAP Al IMPINGFVENT PuINT.

C TH.TA x IlOa A NGItE A r 1 MP I 46VO E Pd P1, I NT I% R A UI A.S*
.1C 7 R L4 a bASF. TO 1RLE-SIMEA4 STA;I.ATJU4 Tl.:PtMAT'IR WAlIJU. ~

C TJP4L a IIIR411LF'T JLT MI111MG 101.(.TH.

C V. AASCISSA FUR AXISIMMhAJIr C;lPRECTII)N rE1RS IN (ltdIRA ANO
C ANGULAR 14LAITACIOULPIT CRITFIU04

C R4NI a NUZZLE EXIT IAUIUS flF SINEAM I (TNftrRNAL).

C EMSNI 2 NOZZLE LXIT MACH STAR W1 STREAM 1.

C itETANI a mnZZLE EXIT p1.0. ANG;LE AT Phi (lIN RAIIA.JS).

C P 1MP a PAUIAL CO)'JHIKATF Of IvP.INGFWF.T P0I0r.

C PHSHOR a StATIC PRESSUPE RATIO (RISE) Of nOLIUUE SHUCK SYSrE".

C ppn2l z STAGNATION PmESSIIRE RATIII, PU2/lPOI.
C TR021 x RATIO OF STAGNATION Tf*PPLRAIIIF5 JF THE TOU STREAMS.
C RLCUMP a RFCOMPRESSIOM CULFFICILIJT.
C
C BLOR a PASS PLEVI) RATh) RE), ERENCF;I) TO FLOo or STREAM 1,

C (G HLECD)(G NOZZLI),
C ENGP a LNERGY BLELU RATIO# (UPEGAA)/((G NOZZLCI).CPI*TOI),

C *NlERE O'4EGAb 1S NEFEPFNCLU TU T84l.
C

cuIJON/ANGI.FSiTHEAI ,THP:TA2,THFTAS.F I F2

COMMON/CWJSIGFi.1Gmf2NNCMP,dSIGMANIL:&.OPAGE,tJSHIFT.THRSLP,
I RECS4PI.RECI4P2

C
CR2MSF(EMS,GAMMA) a ((GAMNA.I.0)(CAMMAI .O))*(EMS'*42)

EMftMSFIEN4S.GAMN4A)aSURT (((2.0*(LmSs*2))/(GAMN0AEI .0)31

LMSMN1(LMN.GAAMA) SENSR(.$G~At)(.US(A1A1)

EPSPRF(PRrGAMMA IUSURT (((GAMMA+I .0)/(GAmMA-I.0j) )

I (1 .O.PRe*( (GAPmMA-I .O)1 VAP1aA))).. *

WTFLMS (EMS.GA4'4A)mSURT (2.O*GAmmA/(GA4P"A*i.0jl

PI (NGN4)(LMS0 .((APEN)/(AmPlINA ,. Os*) 1(LS*2

I (IGAMPAII1GAMMA.0))
PMIDF(CNP.TRSO) a CkR*(0e5*CNRiS(2.O-TRRO)*

I SOJRT (tCNRS*)$((IJ.5*(I.0.TRDIJ)is*2)*TRRO))
C* $S $ fPP ANDTL.ME VFrQ-rlINCT ION

OMEGAr(CMM.CANMA)USUPT((GAMMA#,)/(GAMMA-I .3)AIAI(SORT((GA4MA-1.)*-

CSs*$*$sPAGL CHItEIIOAPPNOXIMATfD BV KORST
XKAPKO(EN a 0.02JJ3*CMNAO.6b33J

COOOSSOaR1IIAL PAGE CRITERION
XKAPPA(PHID) a O.SS(l..COS(3.14,69S(PNID-.fl.1) ))

C**S*sONLPA ANGULAR CRITLHION
C RKATTACHMENT ANGLE FOR' COUO IN PLANE )Llw
C PSIQ(ENNI a 0.044JI.15.0. I7394S1PII-Ofl.79%2F.NMSS2

P63o(Fqu.PNIJ.GANMA)uMECAGf(FMN.GAMMA).OMFGAI'(EmNSRT(I.-PNIJSSZJ

I .GAPMA)
C CHANGE 01 P610 aITH Co

I)SPlIJ) ) )VMI..O/S(( IAMW.I) SIJSU41IJ2S(I.I .- PHJSS2/(TMMU~40( I .' -

3T U) *PH I J)) S ( TRIu* ( I . -TP4II) *PH IJ /2. 3/T# '3.1( I . -T014 1) SP41JJ$ 1.5

PNICO(P41J.TAJCSJI,Tk~iiila=(lIl 0I I*.rkflh) s09I1.ifIJ*.#, cS.)( 0.
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2C~utL) bb41 0 P'.0~ (-I, TAj9 )I"
a. C AcrUR FUR SLCII%V (1I)ENi CHAfrd. (it PHIl' 0-ITr4 CQ

P2CUSIt1411J.&.tCSifb. IHMU( (INHU+ PV4I.J02*C8(jr-)*

CcuRRI.Cr!ok rum k-U0* FXACT 'uNzrfo SHtF't
C(PRUS( EONJ 2~JA~l4e.NOI Shl20LI-P1642

C

TNLrkLs=TErAS /57.2957795
IPROD2=1.

C9**$*07ARh ACCOUNTS FON A CURRLCTION OF REATTACHiMENT A'i1I.ES
C DUE TO THE C()VVLULNCk PhOLAI,E4 Of TWO SI4EAP LAYERS

DTAR~oD.
C*04**kPSIL ACCOUNTS FOR ONEkA LIMITING ANGLE'S IN CUHRESPJNULtCE TO
C ?HUSL Of IKORST

EPSILIUEP31LF(F.NNMSF(ENSI.LAMNAI))
EPS1L2sCP31LF(Nm5F(:mS2,GAPNA2))

NT P O2 I 

l

DT-O.02

nPSIZOPSIAX(CARG(Fl))
nPS22OPSIAX (ARG(F2))
If (NRC"P.LT.6) GUITO 7

22 DTInTNF.TAI.THETCS-DPSI-j[APA
DT2uTHNITES-THETA2-DPSIuTARS
IF II.G.. GOTO 24
OTARt4uDT I ,TAP9-I .L-b
GOTJ 22

24 If (OT?.GT,.. 6070 25
OTARq3(VT2-DTAP8),*.t-6
GOTO 22

25 fELTHInDTI/(T.E4-TrHETES)
DFLTN2zDT2I (THElts-rHLTA2)
GOTO 3

6 IVAGElmI

NT VPE2U I

0X120.O5

IF (NRCmPoNE*2) GOTO 5
TJ"6IxT.JMLI-XPAGkLeTJML2 L
TJPL2*TJNL2*C l.-XPAGL)
SIf C(aICNP-1) 1,2,2

C060**CAI.CULATION Of DISCRIMINATING STREAMLINE WEIUCIT( RATIOS
C EASED ON THR RECOMPRE.SSION CUFFFICI~ldT. SINCt; rHE PR i85llNE RATIO
C ACRUSS THE OBLIQUE SHUCP SYSTFO 15 9011AL ,FR SrWFA4S I Ah 2,
C THE D13CRININATING SIPCAML1N. STAGN4ATION PRKSFSUkE I'Arlo, IJ/I'fO,
C IS AL3O THE SAME.

I ppoflU( I *0/(NLCOmP*l'l4SNIik)
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G0111 7
C*.**CSLCUIUIkJ IO (if rISCN 114- Al IPA(: S11IdAMIJ.4t V LUCITY IWATJU t$AS~ii Ifi
C PAGF.'S CWI1'LHjnlJ. AI'WuxlFArn i1 kLIpksr, i rviwATi,) FUW PflwF 7,XACTr
C EVALUAl IIN Of1 VAUk.'S CkIqTF:,Ii'00 cI'/P~~L00 IS SIV :Ht.NY VoA ST9kFAM I

C ANO) SrIv.AM 2.
2 rft LTH II A P'AP 0 ~S F P7.S I A m.IA I

V E LT H 2 xA P ri( ,4P4 5F .0 (AS 2 4 A -M A 2
I PH OD 12 PHS HK ( f "' S I OfLrM ITH T A I-T H kT VS )G A A 4IJ

I14U02zPRS4K (EuS2,.crcL[THj2sUItFTA2-THFrp,, (Ap~mA2)
NIvC ikP1=P:Lot /PRSI4U:
7FCA PI~=P PUV2/ PP.5 4)N

PwoiD2EI./PHUU2
C
Cs*se*FnR STRE'AP.

7 CSf) I =Ck2mSF ( oSPR (PROD5,I AMP A IGAY mA I
CSUVI =CP2MSF(F7NSI,GAimPAIJ

C2:SUR? (CSUDI)
CNRIP Z SORT (CStflDr/CSUDZ) *

PH4W? a PPIDFV(CNkZ.TPbu)

CIxQF (NICS.N2)GTI4

If LTHCP:ZNEIA Guru 4?

VAR IBUELTHI-DrLi
VAREDELTH 2-0L2I IF (NIVPUI.NF. 3) SIGNI=VARI/ABS(VARI)
IF (NTYPE2*PiE.3) SlGb2=VAM2/ARS( VAR2)
IF (NTYPEI.ME.3) CALL LfER (DELTHI.DXI.1.E-4,SICG41,vARl,O.O.EPS.
IIPAGk.1.TP~l.Nl.1N1.ZPlYPINSIGAI.NSIGMl)
IF (NTIPE2.PIE.3) CALL ITER (O7LTHZFDX2.I.F:-4. SIGN2, VAR2,O0.O0.#PS,

lIPAGE2. N~TPF22 19? N?. P?.VP2 *NSIGA2. NS1G82)
IF (fELTHI.LE,Q.) DELTH12O.5$FPS
IF (DELTH2.LE.0e) UCLTH2zOq5*E'S
IF1 (DLLTII1.GT.t.) IELTHIsI. L
IF (DELTN2*GT91.) ULLTH2zI.
IF (MTYPII.EQ.3.AMD.NTYPC2.EO.3) GUTO 4
If CZPAGEI.GT.2fl.ORIPAGE2.GT.20) GOTn qq
Guru J

C6SAs**VALVATION OF BLUM AND ENERGYT RATIOS,
4 SIGmAIal2.O,2.7e8FPNmSF(EMSI.GAMMAI)

SIGMA2 2I2.0A,2.75@*FmwNSr(ErS2,GA.UA2)
1! (URCOP46) 27,26,27

26 ElIUusPSILI/(.-CSuDiI)
tlIO2aEPSIL2/(I ,-CSOD2)
GOTU 20

27 CR10130.

21 CALL TEGNAL(PMTDI.CSDI.T4UIEI1jl.7IIi,C13JI.7I3UI.FTAJt,

CALTIGPAL(PNID2.CsU0?.fRbO2.71 Ij2,f:lf2,.E13J2.E[3112.eTAJ2*
I . P41J1.EI2J2)

C****fAPPICATIU. Of UNFRA AhGULAR rHI11tRION
C ACCnilNT rap ORIGIN 59411?
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I CTC(.. ~2 GO I U 9
IF' (NSHIPT.NE.I) GUlO 400
TJML12TJML1,Sl~mA1OL,mTl/(LI2J2S(t.OCSJPl))/CUROSCLpMNMSF

2(FMSI ,GA14MAI )

2CFmS2.GA~mA2))
* 400 IFCUSHIFT.kt.1) GOTU 9

TJPLzTJL,SG"'lAA*LAT1/(l1I1*(1.-CSJ)!)))
TJM.2zrJm1,+SLGA21I( .1lJ28(I..CSQJU2))

% 9 IF (NICMP.LT.3) GUTU 8
7MNIXLMNEMS7(FASl.GAI4MAI)
f.MN22L9N1mSF I S2,,.AAPA2)
IF C(RCUP.F0.G,) GUITtl 21
PHICOIzIHCOCPNIJ1,LTAJICSUIlHlwfl)
PH42CC 2:PH i CU CP11 J 2 * ByAJ 2,CSCJO2 .71T'fl2)

11 VTlx.?HL7ESTb4CTAI-DPSIAXCARG(Fl))-PS!(J;1,PHIJt .GA4MA1)-UTARS
012s THETE.S-tHp; rAj-DpSIAX(AIJGCF 21 )-PSJ0(,:tPN,P4J2,GAMmA2j.UTA4B
CI2CODTI/PSIPHU(LN1m.P1IJI.G;ANiAl,TRBOl3/PHICOI1EPS1iL1)I ~C02.(D72/F1SIPHDI LM142,PHIJ2 ,GAMOPA2. TRELr2 ) IPNICU2-EP81L,2)
EIl01ZEIlJ1,Ctl/(1.-CSOUI)
El 102=F11J2.C02/( 1.-CS(uD2)
LNlP12-CQl * JMLI /S!GPAI

1NT2.-CQJ*TJ4L2/SIGMA2
P-ACt .
P AC 220
1f (NRCXP.E0.5) F*CIXPCU5t'(PN1J1,ETAJI,CSUD,R'O1)
It' (NRCMP.EU*5) ,AlC2S-P2CQSI.CP41J2,LTAJ2,CSO2.fI~tCO2)
PHJDIZPIIJIC01*PHICOI*(1.-Coi*fACI/2.)
PHI02.P141J2,C122*PH1CU2S( I.-CQ2*P*AC2s/2.)
IF (PHIDI.LEI.E-3) GO WU 1000
CALL TEGDSL(I'H1I.CS0VITHeflIPIDt,Et3DI)
GU TO 1001

1000 lIlDIX0.0
Cl 301.0.0S 1001 IV fP14102.LF.I.F-3) GO To i002
CALL TECDSL(P141D2,CSO2,TReU2,EI 102,El3D2)
GO TO 21

1002 Ll102.O.0
EI 30220.0

21 PPIPR4SF(LPMSI,GAMAI)/PHMS~t&MSMNF(EMN1*SURT(1..PH1DO*2)GAMI
1) .GAMMA1I

I ),GAMMA2)
If (NcpdFp*LT.dJ Gl)To 30
VAPRPIMPR~a
If (VAR.EI1.0.3 GOTCI 10
S1GNxWAP/AAS(VAR)
If IrS.Ct. U12.(0TA.OT-DARlO)I(VAPARO)SVA
DTsS1GN*DT
VAR0UVAP

IL UTAROS2OAPH
CALL ITER COfARO.DT.1.L.4,S1GN.VAI,U.0.FPS. 1TNUSf.hTVPLXNYNEP.

I !P,NSZGA.IESIGB)
Ku' (NMCMP.CJ.&.AqO. (PRIOI.LT.PPR2.DkND.f)F1 .Lr.2.t-6.ow.PR1.GT.PKl4.

IAND.UT2.LT.2.P:-6)) GUTU 10
IF (NVEm..N)IWS.TliGOTIB (11,11,22),NJIMP

10 1HPSLP3(T4fES.DTARh)057.2'#SV

RFCP PP I/PRSIJK

gPPiNIRN57(L0S1.GAMMAII/P MSill NI.'AM-iAI3

I SORT (2.lPGAMA1,JCAPMAl-j 1.1,*0.fl/mTPL45 (F4q I (Ao*AIJ
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CIJVFVF3:(SIGM A I,/SIGm.A )*(TJML2/TJV I)SONJT ((CC21I C)$(]P(121 )4
( ( ( (;A-- A 2/C.ANPAI )S6( ( GAM mA I- .( *) / ( GA 4A2 - I. () 3 )I * 1

FI~oRz.CO.tIV~rI (t(.l101)IJ I)*CL' FV20C2*(F I IUidtI 1J2ji
t~oGR2.CtIFpF jm CI*IEI Jolwlsf rI. lijico .C(II'

L (.J02- r14~u I J2)
* RE7UMN

99 STOP

Pk PI I L ,FLDR ,NGR .1"PRN1 r~P,Cb BL)RO, F4(;RU)r
C
C$S#IS011T2m oRJTVS OliT THL CALCULATED HJXIN( RF5ULTS A?df) CURRENT? DATA.

C *44VAiIIA8LkS8*S
C
C PRb 2 BASE PRFSS#JNE RATH], P/PF.
C PRHHI 1 2 HASE Pkt.SSUkE kATIU, pbs/PIj*
C PRULUI 2 STAGNATifJN PRE.SSURE RATIO, POE/PCI!.
C IRHOE s &CASE TLMPPCATkUPF RATIO, TO/TflE.
C 114101 a H4SF~ TEMPERATURE RCATIO, 11/TUI.
C TI4OEI s STAG'dAIIUN rLMPERATUIV RATIO, T(JF/TOI.
C PR(IIL a INTERNAL STAGNATION TO] LAT. STATTC PRESS. RATIO. PUI/PE.
C PHIIE u INPUT STATIC PRESSURE RATIO, P11/PE.
C BLDR.ELdGR z SFL 5UOPUUTINE *TJMIX* FOP PEF!NITIOdS.

C ?PPIWT a SEE SiiHHOIITINE *LNOUT*.
C CP 2 BASE PPLSSURCI COLFFICIFNT.
C Co 2 BASE DRAG CUEIEICIENT.
C PLDRU.ENGRO a s~tCIFjtu VALUES OF THE 8LIFDO ANU E4ERGY PATIOS.
C
C

IF (NPRIP47.1.0) GO TO 103
C

%MITE (3,100) PRIIE,TN(IE1,pRoEnlI,PROIERLOR0.ENGRO
100 FORMAI(19X, 41H4 *****IURBU1,EfT JET MIXING RESULTS******,

1 30X, 19H ***CURRENT OATAO*S*/4
2 14X. 1314 P11/PC a P6.5. 17X, 1114 TIJE/701U
3 14X, 1114 POE/POI a F9.5, 17X, 11N RUT/PF a FO.3 ./
4 141. 914 RLDRO a F12.5, 151, 9H4 FNGRO a 1.//

C
WRITE (3,101) BLIN.E'dGR19

101 FOI4NAT(301, 1614 ***MIXING DATA***,//,

I 141. 614 ILDI? a C12.5. 1bI, ON ENGR aE12.5,//.)
C

WRITL. (3.102) TPBOE.?RbUI.PRKE *pRsIICP.CD
102 FORMAT (16X,4SH 8*A*ASL PRESSURL AND) TEMPERATURE RL5UbTSO* ,//

I 14X. ION To/TOE. a F3.5, IOX, IO01 T/TOT z ,1.5. /
2 14X, ION PO/PF a F6.5. 161, 1004 PF/RI a F11.5, .
3 14X, I014 CP-A a F8.5. 1ix. 10iM CD-A x F8.5 ./

4 20X. 4014 $*$*e*END OF CUNNENT CASE RESULTS$$*$$* /

5 201. 40H4 M***S*S*S***S*******S

C
103 RETURN

END
3UBROUTINE 1TL1(X,DX.CHRORA,SIGN.Y.YGIVEN.ERRPUHV.41r..TYPEv
I XNEG,YNEG.ApnS,IPOS,N.SI(N1 .NS!GNZ)

C
CS**sU1NRUUTIhE 1 FRPU14US AN ITrl'ATION TO) FIl I(l X SUCH THAT TM. AMSI'I,IITE -

C VALUE Of (TIVGIVENJ AS LESS TMAN (1P E'AI, rO V:MRY 01N rHF
C APSULUITL VALUE Ur (X(1*13-X(1)) IS LUSS 14A14 UP EIJUAL TU f,RRIIRA.
C
C 0**VARIAI4LES404
C

B-23



C I 1161iEPF'vWNT V I APII,. A1 M .

C U1 2.U 1 NL RAE-NTA !*IP4IN UFP AMI)FI-T (1) VU A P Ir14or

0 ~ ~~~C SIGN x * I .*0 - 1-I. 0. L) L 1 MF S 1ckIA'CPL14 T IPw G DR M X 1 I tAL
C V a Ut.PPn:Pd YAH1A04LE.
C YGJ YEN a GTV.I4 VALUF OF UtIALrdEN1 VAI1AfLF.
C EI4RORV 2 MAXIMU4 VALIIE OF A65(Y-Y.IVfN).
C %IT *INCR V4EN7 NUPL1h.R.
C PITYPI. 1,3 INCRE:MENT.
C a2, INTRPO~LATION.

C r
I)V3V-YGIV&*d
IF(A#4S (Vv1-F:RA0NY) 90.90,10

10 IF(DV) 20o90.30
K.' 20 1S I :J=

XNFGZA

SN EGa V

310 NSG~+

bONISItIUUTIONASSIGAAbMltNk?.NMIXT.H~2NM~
NPRF...UCTS.EHURD 80,90,7

70 NSIN2STMNFTI OAT

C9 W*IMCItENTS TO F I SOUTIO INEVL
C Z+fmu

GO TO11- 10 Y*J UPI ITAA&FI H UP~.I~ i. *~i

C 0 MTLYPL.22SNI'Ti~T~'S lAI U NI A.'U.ri.
Cs *ITEPUISI FORi SOrftLUIO .

N1TxNB-24
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C
C SlitiPRUrRAK kE.O'IIHLSi- UUI&UTI t 1.Pm PSI fhPS. Cr)A rA 4111TOT2,

C BTITFR. F
C
C 440VAR14"LLSts
C
C GAMAMA z RATi'i or sptciric 11FATS.
C EpsI a INITIAL VF.LESTRLAM MACH STAR AT STATSUR 1.
C XBTlbTI a COUPDItdATLS UP fIRST pUIMT Ont iHuAETAfL.

C ANGRTI z INITIAL bOAlIfAIL ANGLE Al 5jTATInh1N .
C l"IGATIVE AND IN RAUIANS.
C X972,NST2 z FINAL PuINT UN SOATTAIL.
C NSHAPE = SrE. SIISROUTINE SBTC'4STS,

C NPRIN'r z -1 OR 0, u,.K.P. UATA NOT PPINTFD.
C *1,I.BI.P. DATA PkINTEFb,

CNOCPIS a NUMBER OF Il-CHAR. POINTS CALIl'LATED ON CHAR. TNHRIIGN (d)
C NLkOk a SVE SlIAROLUTiNE. *OTITERO.

C *0$OU1PIIT rATA (IN UROiPR)$ss

C X z I-ONGITUUINAL CnukI1ATt O 1J 4(iIJnfARV POINT.
C A a RADIAL CnORINATF OF BOIJNPARY POINT.
C THETA a LOCAL FLO1W ANGLE. AT sciu1.I'ARY POINT (IN FIEVGREES).

C
C NUTE --- THE Il-CHAR. DATA T14ROIJGH (XhT2,Rbr2) 1S TRANSMITTED TO
C THE PASTE.R PRUGRAM THROU64 *COMMON~* IN THE ARRAV Cl(ARE.
C
C

DIMENSION PM8(lfJ.S.2)t CHAI4I(S.30), CHAREUSt30). P1(5) P2(S).
I P3(S). CuID(5)
COMMON PMIICHARICHARE.PIP2,P3
PRNS7Ck.NS.GAMA)X(1.0.((GAPMA.0)/(GAMmA41.O)GEN**02)**

I (GAMMA.V(GAMMA-1.0))
EMNPIST(EMS,GA-MA)EsgRT ((2o(S') uANAI.)/

CALL ITCNST(XBTt.RS1I,ANGSTI.XNT2,RRT2,NSNAPEC,C,CJC)
C****INPUT DATA, 3OME DUIPUT DATA, AND COLUIMN HEADINGS ARE PRINTED.

CALL OUThTI(GAMMAk.N5IXST1.#NTl.ANGRT1.xNT2,RST2.mtSHAPE,

1 CI,C2,C3,4PMJMT)
C$4*$SFT INITIAL VALUFS.

ENIO2ENNSF(t'qSlGAMPA)

c**e*spitiJmeR or POINTS CALCULATED) ON THE 1I-CHARACTERISTIC ORIIGINATING.

C Al (Xkl2tRST2) is SPECIFIED HEAP. (LINITE VAA. x 10).

C

C4**SSFOR UNIFURM 7LDM.

01.0. 02$Rbk?

GO TO 307
C***@LuA INIIAL VALUES AT (Xbt1.NRTII INTO THk. P~d ARRAY,

30 PMS(Ipi.liuxvTi

PM"( I.4.113Fl.

IF(AHS (A'GTUI.O1 Q-3) 40p4fl,Sf
C499*SSAUATTAIL OITH ZERU INITIAL TUb~bllAG ANC;I.P.

40 K80
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Cf***O AIN AF7TLIFFtlfjY wITH INITIAL 1UI4&ltN( ANGcI.C*
50 IF (ANGmrII 5.25254

C$$esTsOR A BOATTAIL, (ULTA2L NLGATlVt:).
52 lks(AhS (57.2957@fANCFTI)+t.0)

GO TO 56
cos-*APPRoximAre ANALYWSIS FUR A FLAIRL 1$F7A2V PUSITIVE).

54 9 1
56 F9 KN

UTA=ANGBT1/Fg
*C@s**$CALCJLATZUN OF CHAN. ARRAY VATA FUR I'FI1NTS 6aI.K~t ANn Fiat. o

DO 60 Lstok

PMb(L.*I.4.1)UP48(L,4,I) + UTA
b0 PF4R(L+,1.31 )ZEMSPM(PN6(1 .3,1 ),FP( 1.4.1).P'B(L,+1.4 I ),GAMMA)

Cs***Kl 15 NUMBER Of FAMILY 11 CHAR, FOR SURDIVIDED EXPANSION.
70 NI=Ktl

COS'**THE INIlIAL BOJUNDARY POINT DATA 15 PPINTEn.
DO SO NZ*4

80 P3(NJ:P.4B1K1.M.1)
CALL OIJTB?2(GAMMA.I.MS1.&MNN1PRIUI ,P3,NI .NGUTO.'PRINT.CD)

C**$*1HE FLU. FIELD CALCULATIONS ARE hb "AftE ALONG FA41GY I
C CIAPAcrvRisTics STARTING FROM THE INPUT POINTS ON THE SUBDIVIDED
C INITIAL FAMILY TOR T14E FIRST AND SUU4SEOLENT AXIS POINTS.

82 NISNI.1
C$**S*SCALCULATION Of THE INITIAL 11-CHARACTF.R13TIC DATA PUINT.
COSOS*LOAD CURRENT II-CNARACTERISTlCS DATA POINTS INTO PNS ARAY.

PmPk(1I.3v)mPMX(I,1.I) *ODR
Pms(1,2.2)lP'41(l.2#) +*DR
PNR(1.4,2 3 PMS(l#.4, 1)
PNS(lol,2)aENS
GO TO (9000.100), %GOTO

90 DO 92 mul#4
92 CXID(M)aPNB(l.N.2)

GO TO 93
94 D0 96 NAI.4
96 PNb(ltmt2)aCIIO(N)
93 IF(K) 140,140,100

C*#**CALCULATIUNS ARE FUR THE CURRENT h-TN POINT ON THE INITIAL
C FAMILY 11 CHARACTERISTIC.
C

1OO n0 110 Lal,N
C*$*#CA6CUbATIU4S ARE FUR THE CURRENT L-TH EXPANSION I4CNENENT.
Cs**SLUAD DATA/ FIELD POINT CALCULATIONI STORE DATA.

CALL MCUATA(1.L.L.I.L3vKPTS)
CALL FP3(GANA,PI.I'2,P3.NERROR)
IF(NERROR) 200,110,110

110 CALL MCDATA(2.L1I62,L*IKPTS)
Cs*$$0A6L FIELD POINTS ON N-TN FAMILY I CHAN. HAVE BEEN CAL.CULATED.

GO TO (140,140,120), NGUTO
CS*4*0STORE BOATTAIL 11-CHARACTEM13TJC DATA.

120 MUCP132NOCPTS.1~fii
DO 130 981,4

130 CHARE (N.NOCPTS)SPj(N)
Cff4*SCHARACTENISTICS DATA SHIFT.

CALL MCUATA(3,Ll.L2.L3.KI)
IP(NOCPTS-GI'4ITE) 92,200,2U

C*'**41#AD DATA/ BOUNDARY PUINT CALruI,ATIOJNI 571104E UAIA.
140 CALL MCDATAII1,1 KlklL3,PTS)

CALL STbPS(GAKMA.Pl.P2, 03"SA4.C I C?C),NEkI40 I 1
IF(Nt.NROkI 700,144,144

Cs*Os*CUNrINUE bOATTAIL CAI.CLILAIIDn% jivsiATP FouiN -rHA.%(r.NlSrIC
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C IHHLIIIGI IMF RhArTAIL F41; PINTP (XHT2,WHT2). UN CALCULATF: THI.
C IJ-CNAIkACfI~hISTIC ONIGItJATIJE Al TuiF Polor (ANjo*,etqir2l.

144 CALL NTIILR(Xt4TI .11T2,PJCJ I).tG)TUNPtujNO r
1P(NI.PROR) 200,14b,146 M

146 GO TO (170,94.IU), 1(;OlrO
C*'968LIJAO FINSI kOATTAIL 1I-CHARACTfRISTIC PUIPIT.

15) no Ibl 1481,4
IbO CR4ANE CUot)3P.(M)
&170 CAGl, MCr)AtAfI .I .L?.t2,KPTS)

C*****T1HC CkHARLNT FjoupifA.4V PUINT D)ATA 1S NOw PRIMMI).
C46L nurBT2(GA4NA,.Asl .rMNI,PRIrII,P3,NI .tu;f*UrUNPRIUiTCJ

C*8**CNAAACTEPISTICS UAfA SHIFT.
CALL MCI)A7AC 3.LI, .L?.L3v42J

CS**0*A1ACk~ Ihtrx tlOR NLX INPUT PIN~T 1114 INuIIAL CHAACTER1STIC.

Go To 02
200 RE~TURN

END
SUBlROUT1Nk. dlCNST(XNTI.NIbTl.ANc;$TI,XfT2.RHT3.NSHAPr.CI,C2,CJI

C XTI a INITIAL LONGITUDINAL 1'DATTAII, CUORI)INATE.

C Rail a INITIAL RADIAL OATTAIL CUEJROI'ATE.
C ANGSTI a INITIA16 IUATTAIL TURNING ANGt.E. PAI)IANSo CCNC+).
C XPT2 a TERMNINAL LUNC.ITUDINAL 14UATTA1L COORDINATE.
C ROT2 a rER91NAL, NA4)IAL BUAITAIL COORDINArE.
C NSHAPE a 1. OGIVE 00ATIAIL6.
C a 2, PARASULIC &OATTAIL.
C a 3, CUNICA. RUAfTAIL.
C CIC?,CJ 8 COEFFICIENTS IN THE ROATTAIL PROFIL EflUATIUNS.
C
C

SLOPLIB ?AN (ANGbTI)
GO TO (10.20,301, t.SHAPt

C****OGIVE BOATTAIL (NSHAPE*1).
10 Cls(0.5)4( (XsT2-XsTIj.S3-2.SLOPEISR'4TI*(XBT2-XNTI.141T25S2

I -RPTIS*2) / (RNT2.H$T1II.0'SLOP!Is(XNT2Z8BT1))
C2* XbTI + SLIPLI*(RBTI-CI)
Cis (XbTI-C2)**2 # (PSII-Ct)**2
GO To 40

COS***PARASOLIC SUATTAIL (NSMAPLU2).
20 CMa RR12-RTI.SLOPLI$(X872.X9TI,)

I ( X5TI**2+X8T2**2 -2.00XI4110XRT2
C3.SLU'EI -2.0$CI@ANTI
CJzR8TI l C2*XBTI + CIO(XHsTI*02))
GO TO 40

C**$f*CONICAL BOATTAIL IPSHAPL=31.
JO CIUBSTI

RNT2uRT14LOPI*(XBI2-XUTI
C

40 RETURN
END
SIJSROUTINE PUTRTI(GANA.AEMSI,XATI.HRTI .ANCNrI~xtr2,RMNTJNN*NAPF.

I CI.C2#C3,NPRINT)
C
C***TNIS 3UHNUUTIMFE PRINTS INPUT DAtA. 5114F iturPtJT DATA. AND'
C HEADINGS FOP T149: BOA CTAIL.C&LCUIAlIEnS4.1:
C

P1mmS(VMSGAmmA) 1 .11( (GAMA1.0) /(A~uA4 .11)1 $F'46 4 *
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SEMS .AM4A)ZSIUkT (((2.U*(r-N*s2) )/(G.AMP4A+1.0))

IF(NPAlkI I I0*IOpt'W
10)0 LON I LMrqMSf ( FMS1 G(APA

C

I FOIMAT(lleI///.2IX,21H AX1SVWM'T1.IC NOATTAIL /
I ISX.3UH W1IHINIFOkm SUPERSO,.JCH, FLOW A ~.F~4

GU TO (2t4,6U NSI4APE.
C

2 oRtTI,. (3.3)
3 FOI4MAT(tH *19X.27H 4 OGIVE IIUATIAIlt PQ11jILL *)

GU TO 8
C

4 WRITE (3,b)
5 IORIGAT(IN .19X.32M4 * PARABOiLIC 1AUArTAIL PROFILE 0

GV TO S

* WRITE (307) '
7 FIUPMAT(IH .19X.30H4 8 CONICA1L BOATTAIL PREIFILE 3

I .RITE (3.9) XBTIRNTIBETD.IT2,R1512,CIC2,C3

9 FORMAT(114 /f.7X, ON4 XSTS 8 PA.3,3X, OH kiTI a 63
I 4X.10" AkGPTI a rS.3U/.7.IH XAT2 a Fb.3.3X.UH RRT2 2 fb.3/,
2 7X*UN CI F7.3.2A.Sh C2 a F7.3,3XpI0H C3 F7.3///,
3 20X,374 B5 OAfTAIL SURFACE OUTPUT DATA ** l
4 I2XtIHXp14X.1HR, lIOXPHMACN NO. .9X.4HP/PI .X91.9CP(LOCAL) /

C
10 RETURN

SUORUUTINE RTHPS(GANAPl.P2,P3.N5HAPE.CI .CZ,CJMCRRUHJ
C
C 9 0A TT A I G OU ND A R POIN mT
C SOISbRO0U TZINE ( bTS8PS)5
C
C*$***THIS SUBR4OUTINE CALCULATES A POINT P3 OiN THE BUArrAIll mALL
C GIVEN TH4E PROPENTILS Of A POINT PI IN THE FLOW FIELD,

C *#*VARIABLES***
C
C GAMMA a RATIO Of SPECItIC HEATS.
C P1(J) u J-TH FLuo VARIABLE AT THE pnINT I WHERE Il.l2,OR 3.
C PI(Ji AND P2(J).JsI.S a FLOW VARIABLES AT KNOW% PUIhTS I AND) 2.
C PJ(J)oJzI.5 a rLU0 VARIABLES AT THE~ UNKNOWN POINT 3o
C THE J SUBSCRIPT INDICATES THE FOLLOWING VARIAILS--
C Jul CORRESPONDS TO X.
C 3.2 CORRESPONDUS TO R.
C J*3 CUPPLSPONUS TO MACH STAR (VMS).
c ju4 Ct'RNCspoNnS TU THETA IN RAF)IANS ([NET).
C MSNAVE a SEE BELOW.
C CI.C2,C3 a CONSTANTS IN INC flOATTAIL PP(lFILEC E4UA1IIINS
C NFraop 8 A CO)MTRUL VARIASUE FOP CHFCITC, THE PUSSI"ILITI 71hAT
C THE CURVENI CHAWACTFRI51IC MISSUS THE N'IAB'IAII. Aht) AN
C 1TERATOn% 15 wEouIMID,
C NERHON 8-1 ... IRNON. IN4 CAL.CIILAIII.
C MtjRDWQ 80 ... hUsITLPATiOn ktoUJiJI4o.
C MFMRUR aI .. AN 11I.1ATIOiM 1.5 NI.01O..
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C..6 % ' k' -- - - T I - -

C

C POINTS I Aknf I ARE ASS110RE( CL' I;CTLD RY FAMILY I 4IQ.RE
C PUINT I IS ON 1 14C uALL.

C THE. UOArTAIL PROVILt. 15 SPtCIFJLI' BY P(OUATI'JNS UT THE FORM---
C
C I1. ITF NSHAPEaI o. IV E
C Ra Cl . SuPT( C3 - (X-C2)002)
C
C 2. IF NSHAPL%2 PAkAPOII~C
C Ra CJ + C2411 + C1*(X**2)
C
C 3. IT NSHAPES3 CrINICAL
C au C1 + C2*(X-CJ)
C
C W14ERE CI*C2,AND C3 HAVL t~fft CALCULAT~n FRU-4 THE ItNP(T LJArA
C IN SUHROUIINE OUTCNST*.

c

DIMA.NSIUN Pits), P2(s). Pits)
ALPHAF(LMSTAR.GAMMA)ZATAN (SuPRI(fI.l ((GA4MA-I.0)/(GAMmA+I.0))

I $(EMSTAkv*23)/(Ll4STARf2-I .0)))
AVC.F(AviSJ a (A R )/2.0
PCOFT(ENSTAH.ALPNA)xkmSTAHSTAd (ALPHA)

* OCULFF (NPoINt*RADIUS,LqSTAIT4LTA.ALrHA)u((EMSTA6/RADIUS)*
I (TAN (IaLPHA)$*2)*TAh (?1LIAW~(TAN (THFT) + ((-I.O)f.NPOINT)O
2 TAN (ALPHA))

HUCO.F (RAD10S, EISTAR, THETA, ALPHA)UW ESAR/RAI1,13) *TAN (ALPHA)*
I SIX (ALPHA)OSIN (THLTA))

C00044NPOINT IN OCt)LFF() INDICATES THL KNOWN POINT BEING USED-I UN 2.
C***SENROP FLAG SET.

NFRfRORxo
14COUNTUO
NCTMiAXZIS
EMSMAXRSQMT (tGA"MA+I .O)/(GANNA-I.0))

C$*0*KidUmN INPUT DATA FROM POINTS I AND 2.
XISPI(I)
Rl=PI (23
EMSIuPI (3
THUIT IuPl1 (4)
k2uP2C2)
EMS 23P243)
THE? ZaP 2( 4

C*SOSSFON AN INITIAL ESTIMATE Of THE VALIIES AT POINT 3.
R32AVGF(RI ,R2)
LP3uAVGF(E0SI .ENSZ)

"TH?3uA VGF (THLTI .THLT2)
GO TO I?

CS4*40eeTERATION FOR VARIABLES AT POINT Je
C*00**IT NSNAPE a toU VGFT.

I AmI.EJ + (TAN (DIFF13))**2
8a2.0#(R1-CI)STAN (U17113) -2.09C2.2.041XIS(rhN (011713) )402
Cu C2002 - C3 (14I-CI)-XlTAh (010F13) )*02
D13CRzbS*2-4.0$A0C
IF(DISCNI Iq,.Iq3

3 X3u(-8-SIJRT, (89*2-4.0*A*C))1UJ.0*A)
R38NI#(XJ3X1)$TA4 (lit13)
THET32ATAN ( (CZ-X3)/(N)-CI) j
GO TO to

C4000,01F NSHAPE a 2, PAPANULICO
4 AuCI

IIUC2TAN (CIPTII)
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CxCJ I A I$(TAN 0i) IFJ I 3
p. ~IJCk'*S2j.*lA4C

IFCOISCA) 19.l'D,6
6 X38 (-U*SURT (N4*S24.1(IA*Cfl(2.O*A)

RizRI*(XJ-XI)$TAN cr)Irp Ii)
THETJxAlAJ (C22.osCI*XJ: ) TN([*J ?V

GO TO I a

12*0I s"p s~~~guP~ 141iCk.I .THT ~LN3SA
Ii MSzvEMSxjI3*TNTTkTI)*PROOIJ3

9 F(NU.TI0 .I'R*Af cI43G'rS ) % (OC20
C$P*A*S m EDVPNS) *L. FOR-4 GO TOWIA I -HPA E Nts

103 CMNc1111,1

Cv s*AVoI * N$3NT6
11 P3.~AGP(N3 .13) mlthLl.LP1)(X-

THET~URI-CAGFTCTI TC.U.K

12 PRF13zur.4rTI3-AlP43,ts)TE1,L03$R-

11 EPCOCFF(Pt*TETSI -TLHJ )+PO

IS P1(I) U AXi)1AVE

PlC 3)UMS3.TI0 1,(M3G.MMX)G O2
PI(Ab) UTHlrMTE.10.-)G O1

1 PNCOUNT .67 Ncr'X RTE(.1)NCUT074
IF(COM/ G1.714 660 COREC TO RO IN*TPS.C.1.
SAVEIO..1 a E433

Ulft].H0t3kL%1

P3T(3.21)S

2go TOR'ATC/#.2iX,37H 4 CONERGENCEr *I4TPPS CIN *P* 13) 2

I.. IlTURN

SUFROUTINE OUTbT2(GAMMA EPSI ,EN I, PRIM PP3 oNl# NGI~ru#NPH1NT#CD)

C****THIS SUHRUUIML PRINTS THE CALCOLATV.O ROATTAIL SICHI"ACC DATA
C AT THE LOCATION, Na NOPTS. IN THE3: APTSC.4,N) ARR4AY.
C
C 046VARIZALES@OS
C
C GAMMNA 2 R0910 Of SPECIFIC HEATS.
C [M145 2 FEESTPEAM MACH STAR.

C [1414 8 fREESIREAN MACH NUM14F:R .
C PR1O301 U ICSTRLAO SlArIC-TI.STA;NATION PRESSIII4F RArlu.
C Pl(J) a BOATTAIlt b(OUNUARI PII~ DATA.
C 7143 J SUBSCRIPT IMUICAIFS 1. U(.LLL)%lMC VAA6S
C Jul Crup"F9b6pOlqS fn X.
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C J--j CIJHw~SI'IJNVS 10 k.

C Jal CrikRFSPOINL'S TO MACH STAR (FUSJ.

C Jz4 CUpkvspOnkis TIJ THETA IN WAPIJAN; (rmcrA).
C OfI z to*. LuCAFr. THE. IUUNI'ARY Plir ON r'4i BUAfTAIL
C SURFVACE.
C NtGIjTO z 1, hOkdAL HUATrAIL CALCULATION.
C a 1, ITERATIum FUR I-CHANACTERISrjC fHWLUU(;H (XR12,PdT2).
C a Js CALCULAIION UF II-CHAPACTkNISTIC TH~rOLIfN cxsr2.I.HT,).

C NJPRI4 zd aE 5jFUPRU4IJINL *AIITS9.
C
C

DIMENSION P3(s)

*PNMSF(EMSGANMA)(1-GMMA;OCGA(MMA1)ES*2)*s

I (1.0-C(GAMMA-1.0)/(f;AMMA+l.O))*(&.ASS*2)I I
1F(IjpmINI) V0,80, t0

10 Iapk(I)
H :fPS 2)

LrNaEAN MbF C IS. GAMMA)

PRCJIJUI 1.0
PRRIa(PRM57(CMS.G(A1MA)/PNII)PU5OI

C$*ss*THL LOCAL PRLSSIJRE CULFFIC1ENT 15 CALCIPLATEU. CP IS BASED UN
C THE FREESTREAM MACH NUMBSER AND PkISSURE.
C

CPa(PROIt1.0)i(0.5SGANNA*(PMNt*02))
WRITE~ (3v20) X.P.IMNtPRISICP

20 ftIRMAT(7X.FI0,S.SX,FIO.SXI.SZt05SX,720,s,sx ,rto.s)
C**s#*THE SOAITAIL DRAG CuLrriciINT 15 CALCIILATFD, CD IS REFEHENCLD
C TO THE FNLF.STPEAR PRHESSURE AND MACH NIJMRCR CONUITIUNS.

C
ir(Ni-i) 30,30.40

CS*SPIN1TIALI&I CD CALCULATION,
SD Crnao.O

GO TO 50
40 AVGP~a(0.Se(PRNSF(CNSL.GAMHA),PNSF(E5.GANA))*PRUeOI)/IIR1OI

CnXCD.(( (1.0-A VGPR)*(RL$e2-R**2)),DENOM4)
50 RLUxR

GO TO (NOPR0,60). NGOTO
60 mNITE (3010) CD
70 FOkMAT(/p2SX.21H $4* DRAG COFIFFICIENT, Cn a F#SS.3NS* I)
80 RETURdN

ENO
SUBROUJTINE~ PTITLR(XBTIIST2,P3.ClIDNGT.NCRU4)

C
CSSSS*SUbROUTIML CONTROLS SOATTAII. ITERATIOJN FUR f-CHARACTFRISTIC
C PASSING THROUGH (XbT2*RbT2)o
C
C **eVARIA9LE3*SO
C

* .C X@T2 a LONGITUDINAL cuupu. Or TtNMINA. POINT 0f rHI. IOATTAIL.
C P3 a CURRENT BOUNDARY POINT TFtnm SUARUErINE *"rbP5*.
C ClID a CURRENT INITIAL 11-CHARACTERISTIC DATA P019N'.
C NOOTO a WR'OATTAIL CALCULATION.
C a 2, ITERHATION ORi I-CHARACTFMISTIr THROUG4 (XI4T2,RI~!2).
C a 3, CALCULATION Of [IICHANACEIITIC THRN)IlrN (A~t2,MH?2),
C NERPOR 0 -to ERROR IN JENATION, GO ToOki?.X CASE.

CO a0 UNA!oif CALCULATION ll*h*
C a It ERROR IN 04UUNUART POINT CALCIILAtIIIN. SIANT ITtNAius.
C
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OINFAISJUN P3(S), SAVLL(S). bAVfH"b)0 C1II'(5)
AN? a (XbT2-XbJI)

C46*40EPRfR OR ITF.RA110 P~lIETECTIO'S.
GO TO (10.6W, RGUTO

to IF(NERR0M) 20,20.so

30 iTENSl
Do 4nl "21#4- %

40 SAVEL(P)XCIIU(M)
Rt TtIRN

CO*S*SITERATIUN SFOUE~NCE,
s0 NGOIO82
60 IF(AjERRORI 70,70.110
70 IF(AbS((XbT2-P3(1) )Xt.T)-2 .UE-4) 190, tgflP0
I0 IF(XHT2-VJ(I)) 110,190,90
90 DO 100 021,4

100 SAVEL(M)zCIID(M)
GO TO 1 30

110 00 120 MUI,4 -

120 SAVtk(A)2CIID(M)
130 IF(ITE.R-15) 160,tS0.140
140 MERRORs-I

WRITE (30159)
150 FURPAT(//.5N.67H *SS MAX, NO. ITERATIONS FXCLEOD IN 30R. STITKR*

I GO TO PEAT CASE. il)
RETURN

160 IF(ASS ((SAVEL(l)-SAVER(1 3)IXBT)-1 .01-4) 190vI90tI70
170 ITEMsITLN41

C*s*s*INTERVAG 4A1,VE FUR VALUIES ON INITIAL6 II-CHA4ACTERISTIC.

C FOR UIOM LW

C#***0VIAMLFOUND.

C
C~s*T1 GAMA aRATIE OF THE SPEI THEANT. AIT1 CAATRS

C CAD CLULAE INITIALAA O PITSO T1 CHARACTERSTCIATAARAC
C FOW umrp FIOERALFLW

C

C

DINENaSONGITUAINAL 30) IAtWER XASO 1 ETRD

CSSS**ow INTERNAL rO'.

-, a 2NEIUN FOW

'S.
B-C

DIMESIONCHAR3*1r
GOT 102) FO

Cf0*U ITRA UQ* V-.

~~:-:~~1 "lots .- . _
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I-V

L)H3AuS (NC)/7NI
GU fu030

CssssernR LxrLRNA1L FLOW.
20 Dww4..JsA83 (RC)
30 )XxROSORT((LNNNSF(L,.S.GAMAfl.*2-1.0)

Vu 40 10slNPTS 3
rwzN-i
CHAR (I.%4) a XC + FN'I)X
CHAR (?,NJ) a PC * PN$OR
CHAR (3#N4) z EDNS

40 CHAR (4,N4) a fl.0

END
SIJBROUTINC CNfLOC(GAMDOA,ENSpPFTAvXCRCvNI)

C
C44*94FOR INTERNAL CLINICAL PLOW, THIS SUR0IITINIK S(IUDLYVIES THE
C NUN-CHANACTFNLSTIC UNIFORM PLO. CUkVr THHOUGH THE POUINT CXC,NC)
C AND THEN CALCULATES THE INPUT DATA ALONG THE FAMILY 11
C CHARACTERISTIC mHICH URIGINATES AT THIS POINT.
C

.9.C SUbRUOUTJNE REQUIRES --- FPSAPS,
-. 5 C

C *#$VARIAFtLES*$
c
C GAMMA a RAT1O n7 THE SPECIFIC HEATS.
C EMS a APPROACH HACH STAR.
C bETA a FLOW ANGLE, NEGAIVE. (IN4 RADIANS), AT (XC.NC).
C XC a LONGITIIDLNA6 COOR4DINATE WHERF EXPANSION 13 Ck.NTERED.
C NC a RADIAL COORDINATE WHERE EXPANSION 1S CENTERED.
C N0I UMBE1R or INCRFNENTS OF INITIAL CHAR. (AA. 15 29)
C
C

DIMENSION PPI(100.S.2), CHARI(5,30). CMARE(5.30). PI(5) P2(S).
I PJ(s)
COMMON PAII, COAPI, CHARE. PI, P2, P3

C
RCOtEzRCSIN4 (BETA)

C**SSDIVISIUN Of THE NLJN-CHARACTFI.ISTIC CURVE INTO W2 INCREMENTS*
C (NI.2*102). TO CHANGE THE NUmdFR Of INCREMENTS CHANGE ONLY 142.
C (%AXIMUN N42 13 14).
C

142810

CS4*0STORE INITIAL DATA POINT.
P~b(I11,181uC

P149(1. 4, 1) EETA
Do 10 014.

10 CNAR1(I.I)SPOS(100.1) J
C4**9**THE flOUW FIELD CALCULATIONS ARF NUN1 NAnFl ALONG FAK16T I
C CHARACTERISTICS STARTING P140" THE POINTS 0IN THE SIIHDI1VID
C NlimCHARACTER13tiCS CURVE. THIS SEDUINCE 1S NUT APPLICAbLE FOR4
C CALCULATIONS INVOLVIMG OTNI.R THAN THE FIRST AXIS POIN4T.
COS*SOTN CALCULetTEID PLO'a FIELD DATA FOR. THf (141.1) PJt*4rFs LiN 1 Ht
C FARMLI 1 eNARAC1FIbITIC OIIGIkATING AT (XC,14C) wtILL HI 5 SI D Al
C CHARI(N.N). WHERE 0681,1+.
C

DO 40 1481,"2
CSSOSOCALCUATL DATA ON INK NUN-CHANACTP:RISTIC INPIuT CUSOVF.
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-~l N Irr- , 7 )r =A # Nrl * rOSAG;..U AT

I. AN~PG("4,ERRI.A(IGH/1ER

IKptszN*t
noU 20 I2I.Oi
LXN-L*I

C*4*406LjAD UATA/ CALCULAIL FIELD POINT/ STDHF DArA.

CALL PCDATA(IL#1.,L3,IKPTb)

CALL NCIAT(2,GL2,?.LKPlS)
20 CONTINUE

C*s##$STOAL PimrIAL C94AkACT&.UISIICS nAlA,
VO 30 M81.4 ~.*-

30 CHARI(94.h#1 )2Pq( Ism,2)
Cso**SHIFT ME.THODj(IF CHARACIERISTIrS DATA.

CALL iCUArAt3otLI.L2,LJK'TS)

Cos***GTE CALCULATION SEUULNCE IS NOW MOJDIFIED FUR SUI§SEUULNT AXIS

C AND FIELV) PUIiet CAbCULAIIVOdS.
C

o) 90 NvItN2

LSN2#1N4
C9$#*L0AD DAIA/ CALCULATE. FIELD POlNT/ STnRE DATA.

CALL 4CDATA(I,6obLJ,F.PTS)

CALL MCDATA(2,tl.L2,LFKPlS)
lF(PlI-il) 70p10,50

50 NIIwLI-

DO 60 Il.NII
COS*S*LOAD DATA/ CALCULATE FIELD POINT/ STORE DATA.

CALL 0CfPATA(I.LIloL.1I-1,LJ,APT3)
CALL IPS(GANNAPI.P2,P3,NR4OR)
CALL "CDATA(2,LI.L2.LII-I.KPTS) 4

C*$404STURL INIrIAL C0ARACTERISTICS DATA.
70 DO go m%1#.4
SO CHARI(M.NII)sPmIR(I.K.2)

CO*SSSHIfT METHOD Of CHARACTERISTICS DATA.I CALL6 NCOATA(3,WL2,LZ.JL)
90 CONTINUE

RE TURN
END
SUBROUTINE PmSRR(UANNAENSTAR.PRATIO.SI.TA.ICRC.K)

C
COSSOOTNlS SUBROUT14E SUBDJVIDES THE INITIAL PRANITL*ElER EXPANSION
C (WAVES Or FAMILY 11) 1MWU APPROXIMATELY I DEGREE IrwCS4F.NNTS.
C INPUT DATA 13 rHEN CALCULATEK) fuP THE PETHUI) Ur CHARACTERISTICS
C NET AT THE POINT WHERE THE EXPANSIOPl IS CfIfENE).
C
C SUBROUTINE REQJUIRES --- FNSPA.
C
C $011VANIADGE340*0
C
C GAMMA a RATIO oF SPECIFIC HFATS.
C LNSTAR a APPRUACH MACH4 STAN.
C PRATIO a LXPAN31UN PRLSSPRL RATIO (P/POI.
C bETA a INITIAL FLOW AkGLFk In RADIANS.
C XC a LONGIUnDI9AL Cflfjt)IPJATt NHF.Pfr FXIAqSION4 IS CFNhLI-Fl)
C ac a RADIAL C~uPDINATE Wmk:RF PXPANIlPj 1S C0.4rP.NL".
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%

C K 2 hIIW".R P Of NC r413.TS fl tQ TORI'UIG ANaGLE.

C P148 a A 3-DINF..w5lUNiL ARR4AY. PmP(L,AN), Of UAtA FOR THE

C ML71NOU UP CHARACTERISTIC., fI.T. Tp4E SI)ISCRLPTS Ls.
C NAVE THE FU6LUwItG RNGE.&S ANn MEAINtGS~-
C Lut.,l Atil) CUwpLSPOnL)S in THE 1.-174 PUPEOT OF THE
C SIISDIVIULIJ PIANDTIL-MFYCR EXPANSION.

C M22 CfRPESPONUS TORe'

C Mal C0.4RESPONUS TlO MACH STAR (FOS).

C Mz4 CURNF.M'UND3 TU rHP.TA IN RAnIAWS CfTHETA).r
C Mul.2 CURRESPUWLS TO IHE PREVIOJUS IR CIJMR&NT I-CHAR.

C L.NnI AT pnINT wHLRF THE INITIAL, FLOW CfJJIITIONS ARE
C SPLCIFILD AND THE P-N EXPAN~SION IS CEN~TERE:D.
C
C

DIMENSION Puft(aeO.5,2), CIARI(5,3U), CHARE(5p.301. P1(b, P2(5),

1 P3(5)
COMM PMR, CHARI, CHiARE. Pie F2, P)

UMCGAF(A.IS)aSORT( (91. )/Ch-1.0) )S&TAN (SOUiC (AS*2-I .4)/
1 ((B*Z .0)/(FlI.0J-A6s2)JI-ATAN (SUPT(C(S4I .0)/(14-I.0)3*

C
EmS IsEmSTAR
LMS22EwbPNF(PRATIOGAMMA)

CSssssroR WAVES Of FAOTLY It.
At*LERx-CUMEGAfCEMS2,GAMNA) - MLGAF(EMSIGAM4A3)
IF (ANGLEWI)O.10,20

10 KsCABS CS7.2957USANGLC)I.03
GO) TO 30

20 K a I
30 FKZK

DE LiAu ANGLE /rpP
C'***4KOWN INITIAL INPUT DATA FUR POS ARRAY,

PMBC 1.2. l)RRC

PMB(1#*I ES

C*s*SSCALCULATION OF ARRAY bATA FUR POINTS I.1P1AND Nal.
DO0 I L.*
PME3(L.1 .1*I )lPMI4(L, I .l)
P~b(L,#1 a.I )uPMR(6#2v3)
PMF~aCLv*I.)sPM8(L#,) * 1)PLTA

REF.TURN

C PRANDTL-MEVER EPANSION OR COMPRESSION GIVEN INITIAL M*

C AND THE URINL PLONALE (RAINSUIN)

C

C

W,-
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Ij~lA A(,.)(- K *z 59 1 *1 .) P-ID I Is AUT( C (It1.fl)/CM-1.( )/

CS0**.%SLT I NI rlAL V ALIWS .
tv Ir a 0 .-

11irmAA an~(
NTIPEat
C~es*'T~p=I 1N~H~L.HALVE. NTIPPI2, 1NTI1POLArE.
WAT IUz0.5
AN(;LEz(Tl4tAj-rwE'tAi)
lr(AN(.LEI 20,20,10)

C*S*S6itJR A 1OLVEP511HLF CU04'RESSIUh.
14) LM.481l.0

UF*FGANuI,.0
EPaL S 1A

Gn TO 30
C*$**FUR A RFVERSiIMUL EXPANSIUN.

20 EmSN:ENSTAR
O6tA'(INm.GAF(CmSN,GAMKA)

ESESOHI(CGAm4A+1.0)/(GAmmA-1.0))
C****FVALUATC UNE6.A FUNcrioNm FUR COnIITION *2S.

30 UMGA2(U.AF(EMSAR(AMMA)-AhGLF)
C**f**I)UFS THE SOLUTION tXIST.

IV(UMEEGA2) 40,bU,70
40 wRITE (3.50)
so roRMAT(//,,1X.2St$ *$* ERUOR IN -LFISPA- *04 J0

RETURN
60 LASP001.0

RLTURN
CSOOS'tNITIALLY IhTEIIVAL HALVE AND) THIN IN? IPULACL.

70 NIT a NIT + I

II-(NIT *GT. gIrMAX) GO TO 140

EPSTaEMNNHATIu*(ElE3P-LKSh)
UMfGATUOmEGAr(CNST ,G&*Al

IF(AHS (OAfFO)-1.OE-4) 140v140*I0%
S0 IF(L)irru) 90.140.100
90 ERSNOEOST

UMEGANsONEGAT
GO TO 110

100 EMSPufmSI
(IMI. GAPuU MEG AT
ITVPL*Z

110 DIFFN3 a (ENSP.EP.SN)#EIN
IF(AbSCIFFMS) - 1.OC-4) 140,140,120

120 GO TO (70,130), "TYPE
CS**S*NTFRPO6ATE FOR THE SOLUTION.

130 NATIOa(OMIGA2-ONEGAN),COMEAP-OM(GAN)
GO TO 70

C$**SOUTION FOUND.
140 EASP"uEAST

Mull1 .GI. NITMAX) WRIT. (],ISO)3 NIT.DIFILI

150 t(RNATC/,SX,344 **$C(IPVLRGFNMC E RROI4 IN FmSPm, 13, 214
1 CO.J AN so** /J

N FT U N
EmN
SUROUTIPSF OUrbtI4l#dhPIXT~bPT6)

Cf**ASUhRIOUTIIL PRINTb IMF CUMNENT CALCUI.ATFD HJJNVARV PI,14r VATA.

C ***VARAbtLS*S*

C N SNIIAFID Or CllNI4I.NT 1*40H1NARY poowF,

B -36



C NPHINI II -t ilk 0,C.P.tH, LATA NU1 j1NID.
C *I1 C.P.b. VATA PRINTI;Liv.
C HIPTS(m,r4) 3 CUkPk.Nt cUU%UARY fFAIA.
C MzI COIftWS&PUNDS TO X.
C 4=2 C(IRALEPONIS TO R.
C 43.3 CUkRE'SPUNtpS 11) POACH 5TAk (E14S).
C Mz4 C(IH9'LSPUNDS 10 114kTA IN. kAIJIANS ( iF'TA).
c

* C

IF(NPRINT) 2,2.1
IX:OI'r(1.N)
PZNPTS(2,N)
TmtrAzt57.W'9S7@*bPrs(4*N)

C
WRITE (3,10) X, R, THEt1A

10 VON-AI(V15.b, F29.b. F3Li.b)

2 RE~TURN
END
SUBPUUTINC MCOATA(NUP.LI .L2,L3,KPIS)

C
C****4SJIbPUUT~h. LOADS. SIURLS, (NH SHIFTS
C METHOD Of CHARACTERISTICS DATA.
C
C MOP 2 1. LOADS PUIA DATA IN PI,P2,
C a 2# SrUHrFS P3 DAfA IN PmS.
C a Je SHIFTS PMb DATA FROaM 1-2 TO 1-1.
c
c

DIMENSION PMSCIOOpS#23, CMAkI(S#30)s CHARL(SP3011, P1(S), P2(5),
1 P3(5)

COMMUM PM14, CHARI. CRANE, PI, P2, PI

GOI TO 110,50), MOP
C

10 DO 20 M81,4
P3(M )sPM8(LI.N, 2 3

20 P2(m)xPmL4(L2,A.I)
RETURN

C
30 flU 40 MI*4
40 PNS(L3vMv 2)BP3(4)

RE TUN
C

So nO 70 KtIsIKPTS
00 60 401#4

bO PMb(KII@A, I)EPMD(KII01M, 2)
70 COATINUE

RL T Ii ftC 1
SUBROUTINE FPS(GAMAV.P1 I2,3,NvInI'R)

C
C40*4*41AXISOMETMIC P17LD Puimr SUB~RUTINE. (FPS)

c 40*4VANIA81,.4100
C
C GAPOMA .2 RATIO Iii SPECIFIC MEI..
C P1(J a J-T14 I(.J VAIIJAkiifE AT Imt. lIJ14T I mIILME1 IsI.2.nRh 1.
C P1(J) AND PZ(J),JBt.4 a ILnw VARIARLIS AT KNUNdw Plr4TS I Amu) 2.

C P34J)#Jal.4 a FItia VARIAbLES Al TItFI INKI-iIm P.UIwdr 1.
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C THE J SUBSCR~IPT 11d1)ICAfk.S THE1 fliLIlflw1NG VAWIABLES---
.FC Jul CoPRESPOt.US TU E.

C J92 CflNNISPIo.DS TU R. -

C Jx3 CORWIFSPIJNIS TU HACH b.TAH (FP'S). C..
C JX4 CISPRESPUNiDS TU THELTA IN &IAOIANS (THMf. *J6-
C HEIRRON 2 -1. ERROR IN CALCULATI11N.
C 2 0 CALCULATION UOh

C POINTS I APED 3 ARE1 ASSUAFU CUN*.FCTIO SY FAAILY 1.
C POINTS 2 ANU 3 ARE ASSUME~i CEOWaIF: BY FAMILY 11.
C
C

DIMENSION4 Pt(S), P2(5), P30S)
ALPHAft*pSTARGAmmA)xA'rAN (SURM((.0 -((CAI4NA.0)/(GAM'A+1.f1))

I *(EN SIARS*21)i(LO'STAH*62-I .0)))
AVGF(A,8) a (A + W)2.0

PCO .FF(EMSTAR,ALPtiA)XEMSTAH*TAN (ALPHA)
OCOFPF( NPUZNT. RADIUS ,&NSTAM. THETA. ALPHA )=((t 1MSTAR/NADIUISJ*

I (TAN (ALPHAJ*42)sTAN (THETA))/(TAN (THETA) * ((-I.0)*$hP'JINT)v
2 TAN (ALPHA))
HOCOEF (1A(IIIS.ESTRTHETA,ALPHiA)a( (iASTAI4/NAvIUS)SrAN (ALPHA)*

I SIN6 (ALPHA)S$Ih (THETA))
CSO8S*NPUINT IV OCULFF() INDICATES THk: KNunw POINT SP:ZNG USED--I OR 2.
C****RR1R FLAG SET,

NCUUN rZo
NCTMAX215
NER ROAZO
EMSMAXZSQRIT ((GAMPA#I.0)/(GAP4NA-.0))

C$****KNUON INPUT DATA FRM PUINTS I AND 2.
ZIPI (I)
RI=PI (2)
FmSlUPI (3)
T64ET1zPI (4)

X22P2()
R2aP2(2)
EMS622P2( 3
TNFT2xP2( 4)

CS*s*$FllR INITIAL ESTIMATE OF AVERAGL VAIJI'ES MET~ok:LN POINTS 1-3 AND 2-i.
Il3SAVGF(RI .R2)
EMS3ZAVGF(EMSI ,EP4S2)
THE 3=A VGF(THLTI .TH1T2)
GOl TO I I

C*****1IIIIATIU" FUR VARIABLE.S AT PUINT 3.
I XiS(R2 R I + XISTAN (UIFF13) - A20TAN (SUNK23))/

I (TAN (DIFFME - TAN (SUM23))
NJzIRI M X - XI)STAN (DolvirJI)

C*$**$Tf.ST AND LVALUATION FOR HORIZONTAL I ON4 11 CHANACfFISTICS.
IF(AbS (01FFi3)-I.ef-3) 2,2,1

C00000FOR I HORIZOTAL.
2 PRODIJUHUCOEF (R13,FM3413.IH1TiALPHI 3)$(XJ-XI)

GO TO 4
3 PROD13uOCOEFFrrIJ.013.MSIJ3.T13.ALPH13)#(R3-kI)
4 IF(ARS (SUP23)1.,UE-3) SSIa

COSSOFOR 11 4URIZUNTAL.,
b PNOD23sNUCOI:F (R23,..1S2i.THET23,AI.PH231* ( I 3X2I

6 PRoo2iaUcuFFF(2,R23..PS23. rHCTzJ,ALPII3rt.R,-N2z
Cs4$$*CALCULATIUN UF FLU. VAPIARLES Al PUI14T 1.

7ThiCTiu(PIJ$?H.T + P2301I4.2 F P'(103 -PH"IU21 Eqb iI OS2I/
I IPIJ4102J)

FMS3xFMSI - PI19(THElJ-THf~TI) + PPOP11~
nIFFNS t FNSI-SAVLI)/5AVf.I
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IF(C L"S.T.N1.03*10. Gli ~f 17 Y~A %)~ U

SAVFI 9 L'4i . .

Rl33AV(.FCN2.AJ)
LkAsI j*AVGF (I M3 ,453

EiMS23xAVG C F'452.&.'3)
THF;rijAVL.UF (I4EJ- .Tmt.Tj)
1:vrl3v&VGF(rNf~t2,rHL1i)
AbPHI3xALPHAFCE'SI 3.GAN.4A)
ALPw1JzALPi4AF ( CIU23.GAMMA)

P1 3mPCOEFVCCp'Sl 3,ALPHI13)
P23sPCUErF(FMS2S. ALPM23)
UIFIJ2TH.T1jj-AGb'Hj3
SImJ"2THc12 3#ALPHl3
GO TO I

C
12 PM1) a X3

P3(23)N -

PJ(3)2tiMS3
P3(4J3T14CT3
ITINCDUNT *GT. NCrMAX) WRITE (3,92n) NCOUNT.01F7.4S

9120 FURMAC/# SX.35H 00s CONVCN(;3NCt ERROR IN $FPS1*, 1 ,3,2H *.-

WRITE N31414 FUMT//2X20 RO I FS CALC. *

StIbFOUTINE h.PS (AM,2PERR
C
C***OOAXISVP4NCTHIC AXIS POINT SUBROUTINE CAPS)
C
C FOR THIS SUIANO1ITINdI. THE UNKNUNN POINT 3 IS UN FNVR AXIS.
C THE KNOWN POINT 2 AND THE UNKNOWN POINT 3 ARE ALONG FAMILY It.
C
C **#VAAIA8LEfs*
C

C GAMNA 2 RATIO OF SPECIFIC HEATS.
C PI(J3 X J-TN FLOW VANIABLF AT TMF POINT I WHERME Ill2.UH J.

C P2(J)oJaI.4 a FLO0W VANIABLES AT KNOWN POINT 2.
C P3(J),J8Iv4 8 FLOW VANIABLES AT THE IINKNOwI4 PLJINr 3.
C THE. J SUBSCRzPr INDICATES THE FULL~aING VARIARICS.---
C Jat CORRESPONDS To X.
c Jx2 CORR4ESPONDS TO P.
C .Jwi CORRELSPONDS TO mACM STAR (Vi'S). L
C 1.4 COkNCSPONDS TU THETA IN NAI)IA'48 (THV.I).
C NENNON a -1. ERRON IN CALCULATION.
C u 0, CALCULATION 0,%,
C
C

Dy~fHSiON P2(51. PI(s)
ALPHAFCERSTAN,GA004A)sATAN (5014TM1.fl C((AMA1.OC(GAMMA+IUf 1 .1

AVGr(A~b) a (A * 4)12.nl
PCOE3.7CEMSIAN,AL.PHA~us.'4S1Ak*TAii (ALPNA)
OCIF7(NPUINT,NAtatS,I.NTAN.TIIl"IAALPA)CCI'4SrN/NAi'iOis3

I (TAN (ALPHA)062)S)AN (TH3.TAfl/CTAP4 Ci0..TAI * )
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Cs***NPUINT IN i)Cjt.fP( INOZCATFS ImP: MNIIwvN POINT I1IFING 11SkI)- ONl A
c#'4so*.I4IuR rLAs SL.T,

NCUUNT a 0

C$S$*$KNIIWk INPUT DATA% VuI POIlvT8 2 ANeD 1..~-

K22P20I
R22pJ (21 i-
LNS~zP2(3)
TN LT 2aUP 2(C4

C**0**fU INITIAL csrimATL O7 AVERAGE~ VALLIFS 14FTWI;Ef POINTS 2 AND) 3.

A23=AVGFCN2.R3)
TtET23sAVGf*( rn4£?2,THEMT3
GO TO S

C*0*4*ITERATIUN FOR VARIABLES AT POINeT 3.
I xjzx2 - (P2/TAN (SUM23))

EMS32EMS2 - P230TIIET2 - 023*R2
DIFFS z (ESJ-SAVEW)S4VCI
IF((EMS3,6?.I.0) nk1, (EMS3,GT.7.MS"AX)) GO TO 7
rt(AbStoirrmsI iLr. I.01-4) GO TO 6

C
5 hCUUNTmNCUUMT*IL

IF(NCUI~tT.GT.NCTMAX) GO TO b
SAWFIZEMS)
EMS2JSAvGr(LMS2.EMS3)
ALPH232ALPRAF(ENS23.GAAMA)
SUPi2JUTHET23+ALP1423
P23UPCUCFfCEmS23.ALPH23I
O23aOCuEtP(2,R23,Lms2J,THcT2 3.ALP1423)
GO TO I

6P3(1)23

P3(2)RAJ
PJC])SFN3
P3(4)aTHXT3
IF(NCOUM? oGTe NCINqAX) WRITr (3.60) NCUUNToDIFFMS

00 FOkusAT(i, 51.3S14 ** CUNVENGENCE, LNmOp IN SAPSe, o .3t214 v

I lTUo;.6: b ** /i

* RETUREN

C
CSS*S*AOlSVNLKCCNTN HLSP-HINATSi'RUII Ci

C

C SSSVARIA0LESf*e 1
C GAMMA 8 PAT1O.UF SPECIFIC HLATS.
C P1(J) a J-TH 7LU* VAI~~ AT THk POIINT I 4.4ENI Ixl,2.oN 3.
C Pl(J) ANO P2(J).JSt.4 a 'LEIS VAPlIANI.FS AT K4Ua% P'Il'dT)S I A-41) A.
C p3(J)*JaIo4 a flouo VAUlIAhL.eb AT IMFV llokfla-4h~ fpiIr 3.
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C 7HL J suFh5r*NPT I"P&CAILS Toi* FULIAING VARIARLES---
C Jai COH~e.SPUNDSl TU X.
C jz2 Cuwxk4spOndUS TO R*
C Jz3 CflMRbSPONIJS TO APACI STAR (EmS).
C Ja4 CU~kESPONUS T1) THI4.A I'd NAUIA94S (THMT.
C NftRPRU z -1. ERkOtJ IN CALCIJI,ATION.
C a 0, CAI.CfILATIUt O.K. =
C
C

DIIENSION Pits). PU(S). P3(5)
ALPHAF(EMSTAR(AAA)xATAM (SiJPT((t* - ((GA9MAI1.')/(GAMMA,1.0)1

I *(EMSTAk*02))/(L.NSIAH0*2-I.O) ))
AVGF(A,H) a (A * 6~)12.0
PCIErf'(F.NST.RALYHA)ztSTI4STAN IAIPHA)
tiOCOIF (RADJIIfS,*SIAR,THETAALI.A)u((EUbTAR/RAUliUS)#TAN (ALP14A)*
I SIN (ALPHA)*8LN (THEMA)
O3COI.IF7tiPINTRAOIUS.&.STAM.TH&TA.ALPHA)U( (INSTAkR/RADIUS)*

I (TAN (ALPHA)S*2)*TAN (THFTA))/(TAN (THFTA) + ((-I.O)**NPUINT)*

2 TAN (ALPH4A))I.C*$s*ioPUINt IN 0COF.IF() ImUICAUkS THLt KNOwN POINT BEING USED--1 ON 1.

N ERHUN O0

C#****KmOwM INPUT DATA 7*10W POINTS I AND 2.

E*1IPI ()
NI*PI (2)
TETSIUPI (

C HTzI4
122(1
2zP2( 2)

EN2P2()

TMLT2uP2(4)
C94400FUR INITIAL LSTIPATE Of AVERAGE VALUES AFTmEEN POINTS 1-3 AND 2-3.

R3aAVGI(NI .R2)
?HET3=AVG'( THE?) ,THET2)

C$**S**SINCE POINTS 2 AND 3 ARE ON THE SAME CONSTANT PRESSURE BOUJNDARY,
EMS33LMS2
LP3SI3AVGfF(7MSI ,ENS3)

* ALPHI3ZALPHAF(EMS13,GAMMA)
Pll=PCUt.fF(EMSI 3.ALPNI3)
GO TO b 4

Css*S*ITLRATION FOR VANIAbLE3 AT POINT 3.r
I X3x(RI R2 + X20TAN (T.IET23) - XIOTAN (017713)1/

I (TAN (1HLT23) - TAN (o17113))
R3x(NI *(X3 - XW)TAN (017113))
SIGN 2 RJ*SAVEI

C4*00*IF SIGN 1S MEGATIVt OR 4LRO, AN t.R*OP HAS OCCURWRED,
- . 17(S1GM) 9,1,2

C*****TEST AND EVALUATIOJN FUR HORIZONTAL I-CHAPACTERIStIC.
C*S**7*OP I HORIZONTAL.

3 MFASS (017713)-I.OE-i) 303.4
3 PMoDi3UHocoir (N13,LI%513,THt.T13.ALPH1 3)*(X3-XI)

4 PRODS 3.uCUE!P( oI 3,E"SI 3,THFII 3.ALP4I )StH I-RI)
S TNLT38(THLTI - (MS33-t.mSPRI'-DI3)/PI3)) ,

uirrTs(TIIET3-SAVE2)lSAft.2
tr(Ab3(UMFT) .Lt. t.OL-4) Go TO I

C
6 NCOUNTNNCUU14T#*1

If(NCOUNI.4mT.%CTMAX) (.0 TO 7
SAWISIM
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z~w ,i: ~V.h.~ *~.~'~.4j q~ * W J ~ ~

%'

. l

kI3sAVGf(AI IAN

THEI 3sAVGF(THLTIpTNLT3)

01 320C0L V( t RI3 oto I p. IET 13 , ALPHI 31

Tmu1r2J8AVGt(THI;T2.IMI.TJ1

C

p 3( 3) zESq3)
P3(423113

IF(MCUU4T *GT. NCTMAX) wXITP (3.70) r4Cnlir.OIVFF
70 VORMAT(/t SX,36H $40 CONVLNGENCF. EIROR TN *CPBSS, c 13,2N

I -I EUI4I 30611I

9 I 4T/,],o 4 VRPRS* INCGANMA1 .(3/A6C). fl)

ESU(EMS*CATPT(AMMqPA).OR((2.e(hS921(ANN,Nr0

C iFINPURUIT) PRNS0 NU.AD70.OTUTDTA N C6 EAIG

C

30 ME ~(3.1001 GAMM((201(A BAD1.0CN! PAT

I PHAT.S(Id.PNM2*I.OOS24**
100 FORNA(Ih13,GAMMA, 211. JIM CONSNT PI:SSUC JETSUSJNARI /

2 241. 2~lW SUPERSONIC INTERN0)l. FLUM 2,

10 ME261. 17W ***IFSPUT ATS@
4 71. aW GMMA " PS3F21.ISMKTA ,G.)* 105 .

Go T1O6 (2050) %FLOW.IWMC il 9bj.1HNC IA 1.

30 wRJTE (J.IOI) GAMMA. BETAfl, EMNPRAIU

2 24X, 2SW 3UPLMSSeNIC INTERNAL, FL".. /1.
329X# 17W *$*INPUsT DATA*$$ .4,

9.1,9 A N S 3 41,IM 1E A (F . 1.

5 ustIMC Nar.,--,O /~laF. 1
6~~~~~~~~. 22&2H *BUNAYOUPTDAA$

7 7XVH PPO FR.#JXllH ACHhit.xF9bJX12H4ACH31A xF9b/'

9 7, M X 2X, H , 2x,13HTB-42 (OCr



-m 9 --. '.IF 1-mw -. P--0 -

4 7x, 911 (.AmftA t S%.3, 24X, 1I 511Y! I A (1DIC. VIU.enIi
b 7X, 121 PACH Poll. a tiQ.o, 17t, i P/ri 2 FPI.A //
h. 22X, 21.1 #*4Si0U'#.V ilUrPli 0AtA*.s //p
7 7X,114 P/VPi a VR.b.3X.11H 04ACH I.41, =VQ.f,,1A.12N IACII STAN4 zI'Q.6//. 11,
a0 7X, 2'. X, 27X, 2.1 W, AJX, 1 114 1IFiTA (()i(*r)

5o vm rr ( 3 1 U2 ~ mmA ,bF1 Ali, ENIPAI1
I PRAIJ1l, to-MZ. L.1S2

102 FLIRMAT(thl, /11, 21X, 3514 CIIA4STANT PHS5IINE JET. A-I'il.)AMV I
I 19X, Jb.1 FOR INIrIALLY UNIFORIM AXI-SY.44FTRIC /

2 24X, 25H SUlPPRSiUdlC LXTERNAL 01UN /1
320X,17H 574 *4V'PiT VAIA444 1/. p
47X, 'N G;AMvA a Fs.3, 24X, ISH (4.1A 0+1G.) = FIO.o /

S 7X, 1214 MACH NU. 2 F9.be 17X, NH I','PO z Fg.b /1,
6 221, 271 4 *SUUPNUARY OUTPUT IIATA11#S 0,
7 7X,PII P/PO 2 FS.b.3X,l1H MACH No. apQ.b,]X,12H 4ACH STAN 2I9.b//.
V 7X, 2H4 X, 271, 214 R, 23X, 1314 THETA MIG.) '

C
70 RE.TURN

C suspaLuniNE TEs r(vIIJN,NSIMTpNFLO*I, mPTS)

c*.*.siiowurifc STOPS CALCULATIONIS Aln RETIIPRMS to THE 'EASTER IFr-
C 1 THE INTERENAL BOU44UARY READIUS EXCEEDS HLMT 'IR If THE JET

C RUUMIVANV AGGL CHANGES SIGN.
C 2. THE EXTERNAL IELUNIJARI RADIUS 1S LESS THAN RLAT.
C

DIMENSION UPTS(5.30)

GO TO (10,30), NFLOM

C10 IF(8PS(N1PTS( TS(4.i4))1 25050,,4

C
30 IF(fiTSC2N-).RMT 50,5,0,514

C

40 NSrTmuI
GO TO bO

C
S0 NSTP'Tu2
60 RETURIN

SIINROUTINE SLIP(EMSITIEETAIGANMAI.EMS2,THETA2,G.mNA2,

1 TNETAS.NSTOPJ
C
C THIS SUBRUOTIME CALCULATES THE SLIPLINF. ANGLE FUR THE
C 08LIOUE SHOCK PECUMPNI:SSIUN SVSTI.M WHI4CH OCCUkb Ar THE r
C IMPINGMEN[ POINT Or Tall SUPERSOINIC STREAMS aF IT EXISTS.
C owe Or THE SMOCK$ PAW be A STRONG SHO1CK.
C
C SUbfEJITIL REOIINIL -- STHk
C
C 0414141VARtIARLES04111111
C
C EAST 8 MACH STAN UF SfNLA% 1.
C TNETAI 11 IFLON A'EG.L. OF STREAM I,
C GAMMAS 8 RATIO Of svIikoic HEAT.; tooN st*m I.
C DFLTI a S4IJCK TUNING ANGLE FUNR 5TIDAM 1,
C DOELTI a ll'NNIMG AlvULt UP.01IATIaI. DO, STRF AM 1.
C ERS2 a MACw sraN (it siu.AN 2.
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6.p
C THFTA? a FLOW Aftf.LE UF STIEIA* 2i*

C GAM"Ad a RATIO OF Spp(11.IC III ATS FOR STWFA44 2. 1
C UFLT2 a SHUCK TIJNNIt.G ANGUL FOR STREAM 2.,
C DUELt2 a 1UPNING ANGLE nERIVATIVL OF STRFA1W 2,

C THFTAS a 31lIPLINE ANGLE
C NSTUP a 1, FUR A 4tLUTION
C a 3, FOR Nil SULuflION

C

CE.NOSF(ENS,GAMNA)uSUNTC(2.#(GANAI.l))*(..N5e*2)/

C
C CALCULATIUN Of THE MAXYWUA rUPNING A14GLE FOR A GIVEN
C APPROACH MACH4 NU~4bLH AND GAPNAs NACA R-1J35,EJ.lbM1.
C

C
c SINw'A2 CALCULATES THE SINE O7 THE. SNUCK WAVEr A.4GPF SOUARED

C FON MAXIMDUM STREAM DEFbLCTION IiEHIND THE SHUCK (91IN bb)
C

fELTAM(F.MM.GA4M4ASIM2WmA.3ATAN ((2.Q*S0RT((I.0-SId2*AJ/SINd2dA)

C
C UF.LTAM CALCULATES THE MAXIMUM TUNFEING ANGLE GIVEN THE

C APPROJACH AACH NUOBER GAMMA AND THE SINE. SOUARED Of THE WAVE
C ANGLE.slm2oA.7C4 THE MAXIMUM LEFLECCTIflN (LON 119A).
C

PR(IS4K (.MNSIN2iA.GAMMA )a( 2.USGAMI.Ae(EMN*02 ) SINZ4A-GAMMA
I *1,O)1(GAmMA+1.0)

C
C P4105MM CAI.CULATES THE. STATIC PRESSURE RISE FOR A'4 UIIL1DUE
C SHUCK GIEN THE APPROACH MACH VEUMISER, T14F SINE S'jIIAKFD OF
C THE WAVE ANGLE AMUD GAMMA (CUR 32b)
C

NITSO
,JITMAX a IS
LMN IZEMNMSF (CMSI ,GA14MAI
DELTIWOEL1A(EMhI GAMMAI .Sl4NA2(EMNI .GA"mA1 i
PROAXIS PNUSHK(EMNI.SINWA2(EMNIGAMMAI),GA44AI)
ENN? a EMMMSFILMS2.GAMMA2)
DELT2M a OELTAM(EMN2.GAMNA2.SINNA2(.MM2,GAMIA2))
PRMAXJ a PPOSHK( M2,SINWA2(EN2.(UAMMA2) ,GAII'A2J

IF((ThLTAI-THETAJB) .GT. fDLTINDELT2%)) GU TO bOO
C
C DETERNIRL WHICH STREAM IS THE wFAK STREAM

C

C STREAM 1 IS THE WEAK SIMEAM

C100 PRSSA aPmX

PR3 a FASSA
DELW a DLTlm
PWS a (2r*tjSGA1MA1*h0N1**2 -GAPPAI e,.l/(A4),.)

GO TO 120 (
C STREAM 2 1S THE sEAKON STREAM
C

*110 PASSA a PPAA2
pali a PFESSA
1) lI a OLLT24
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C
aC CALCULAlt 1TH MAXI4M ftil-AL STPLA~l TtlktjINGC ANGLE elY A44

C NUDSEH1CAL, INTt.HACTtUk PRUCIFIOkE
C

120 ICOUNT DLAaEI ('LT Ij

CALL srshK(pMssAk.mN1,GAMA.nF;t.TI.I)0ELT1)
CAL6 STSHN(F'NSSA,e:wI42,GAMMA2,IT2,flDP:LT2)

OTHLA =THEMA - 14E1A2
DOLTTA iarLDLLTl + t'ufrLr2
rIDOEL U ULTTA
PRHSSN P11554 + (PRNS P11SSA).I2.0

C IF (UTNETA - tILrA) 22&.,16".2311
C WIHEN SHNUCK TURNING ANGLES FOR MAX. OFFI,FCfLUN ur m.I WFAK

C SHUCK SOLUTION EXISTS; (0) LESS THAN THE SfREAMLINE ANGLES
C A STRONG SnLVrI0f' SOUGHT.
C

130 ICUUM1 RICOUN? # I
CALL STSHK(PwSSB.EHNI .GAMMAI .(ELTi .IOILTI)
CALL STSNK(PRSSM.EM#.2,GAMMA2,DhLT2,flL)LT2)
F200EL S 0I)EbTl + DUEL.?2

140 PR3SC a PRSSB-F2DUEL*(PHSS1)IaS3A)/(r2nnvrL.IuEl)
PASSA a P1.558
PRSSI a PRSSC
fIDLIEL8 r200EL
ir(icuIJNT -is) 130,130,170 -

C150 DELMAX a DFLTI # n"112
C TH4IS COMP'LETES THE RIrERACTiUN LOOP TO DETERMINE THlE MAXIMUM
C TURNING CAPAILITY or IuE TWO STREASMS.

IF(DL~mAX-DTH9TA)600. 160,200
160 THETAS 8 THETAI - DELTI

NSTOP m I
RETURN

C
C

170 Walfl(3#bSOICOUMT.f2V0Eb.PRSS
bOO FORMAT('ll'..S COVLPGLMCE LRROR IN SLLP.LUUPI (,lip

IF((DLI.TI *DLT2 I-DINCTA) 6u0,1t.0,200
C
C BEGIN ItERATION Loop FUR SLIP LINE ANGLE
C

200 NIT a I
If(ASS(VUELTlIODFLT2) *LE. I.UE-6) GO TO 160
ir (LUTA - OTHLTA) 21u.211".220

210 riDul. 8 DELTA - UTMFTA
PR2 2 PNI -FIDEL/U)LTTA
Gfl TO 230

220 MIT a I
PHi 1.04 + DlETAf(PII1i)/OF.Il1A
CALL STSuK(PRI.EM.1.IGAMMAI*r.TLIIIL)UTI)
CALL STSH(PPI.ENHd2,GA9NAlI*.L1t.lhVllLT2)
IF(ASS(uUITI+OUC6T2) *LL. I.0f-b) GO TO~ 16-J'
tIDEL 8 Dbit + U~LT2 - UTI4FTA
P1.2 8 P1.3 - VDkl,/(UDtLTI.+ IDI LT2)

230 M11 a NIT *I
CALL bh(J*NAUIIli.)IT1
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PF2DEL a UIE.-TI . oeLTJ - UTHk~TA
mrAdS(I0FL) I.1IL.5)250,75(b*J4

240 P112 a P12-I'2VL1/(UlFL11 # VVLIT21
IF(NIT - IT4AX)23J#230sZhI

250 THFTAS THra - DI1
NSTOP I
H&;TUPft

C
C

2h0 THFYAS UTHETM -L1

bRITL(3#500) TP2rtR
51U NMAT(I1'SX,qSH *OSOLUT.PGiUN ERR PIINE ANGLE0 (113,N' 2(bX.FIO*

RETURN

C

C700 I SUR bROUTI'.E$ CAOSLUATES THE SLILDE AUNG DUR300 AND T09

C SUBROUSTNE SNUCK.PS,"#APrTDEf
C

C ITS DEIAIEA UCINO N PRESSURE RATIOACOSTESCK
C ACCUS TH SAHOUCRK, TRA o HESfl

C

Au(2.0*Ga MAHENMAN* PSRAM .or(GTHE Smn .)PS)((A
C IO'S GAMMA 1.0)Eacii HA3

C ELT a AlRAN(S) TRIN NGE

C DOW zUTAIIVAV OF THE DRATVE N AGL
C

A(OGAMMNS9ENO2-GSSI.- (GAMMA S 1.0)*PSS-I.0)/(((
I GAMMA R*I GAN*&5 GA- 1, 10152)

but-PRSI0-)*I.O)/(ORTA))M*2F3 10)OUT

- rUNCTZ~~~DLT PRSHNMS!R ETGMA
C
C C OMPULUTASHC FNTION EDRVAIE~.MC -l
C

C THIS FUNCTION$CALCULATI. TH (GTAti PRSIJ P RSIq ACRSS A

C THE TUNING ANGI.0/It.RADI).

C
COSOOSVRIAUSHOCK9 FUCIN I]kNC AA -15
C

C F.MSTAR SHCU wA U~Ik IL N APPROACH 4ACH SrAH (MANv/')

C THEI TURNINGAG6 (NL RADINS),'~t

C PRSHK a FINAL Toi APPkuACH STATIC PPOSSUNF, kAtil).
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-7 0 1. 7 1 17 -1 07--77 w, -r. R; PL7X7 3 17 R T .r~

C

DIMENSION yii)
C404*tSQUATLUN COiCFFIC'IEN FUINCTIOJNS.

CUhSIB (L45uO,DV.LTA GAMM~A) a -(I'.MSo)D * 20W)/MSJU
I GAMAA(SZ4 (OFLTA)462)

CUNSTC (LMSj, DELTA 0GAMM4A) 8 (2.AsEM~f)n + I.0)/(E'4Suu*s21
I ((GAMMA * l.0i*62)/4.0 # (GAMPA - 1.fO)/LMSQJO)0(S1N (ULLAIW'?)

CUNSTO (LMSQ,DIELIA) a -(CIS (tlJ,TA*sS2j/(145(U**2)

EPNSUU (L.mS.AmA)z(.0.U(GAWmA~t .0 )*E~mse*i/( 1.0

I £ ((GAMqA.I .0 )/ (GA040A# 1.0) ) s(Lps9s 2)
C M2ztMUD (EMSrAR,GANPA)

Cf*seSOtlitlUft OF C118iC L01IATION FOR~ WAVE ANdGLV SUJUAMEn.
K' A 2 (I.0/3,U)*(J.U*CUdlC (E012.ikLTA.GAmPA)-

I (CONSTS (Lm2,LTA.GAMMA))**2)
8~ (1.0/27.0)4(9.00(CUMST* (FIN2.I'CLTA GAMMA )J

I 9.09(CUNSTU (F:M2,DtLTA.GA?4A)M*CUNS1C (LM2,UfTAGAMMA))p . 2 27.0*CUNS1W) (EM2,lDELIA))
COSPHI a I -8S#2.0)ISUR2( -(A**3)/27.l)
MPlS (COSPI) - 1.0) 20,20,10

L 10 P145MM a 00
METUN

20 PHI a WAR (SORT(1.O CUSPHIO*2)/CIJSPMI)1
I '4)1,2,2

I PHI a PI * J.141593
2 DO 3 IslIP

C.**SY(1) 13 THE SINE SUUARED Of THE WAVE ANGLE.

C04*0THL upTSo THlE CUBeIC EON WILL NUw RE AR4AA4GLU INE ASC1.NDING
C ORDER# THAT 1S, 111) LESS THAN 1(2) LESS tHAN YMI.

noU 6 1al,2

DO 5 JuN.3

4 SAVE R 1(J)

T(I) 2 SAVE
5 CONTINUEm6 CUNTIMUL

C*****TIIE ROUT CONMESPUNDING TO THE WCANk SULUTIIIN [S Y(2) A4D
C THE ROUT CORRESPON4DING TO THL SING SOLUTIUN 15 1().
C YII) 13 THE SOUAL. OF THE SINE Or T14E SHOCKI ANGLX (SIGMA).
C

POSH% 8 (2.0*GA4NA4L"2*!(I) - (GAMMA - l.0J))(GAENA + 1.0)
RETURN
END
SUBROUTINE TEGRAL(PHIDC30D.TR.I.I IJ,F.I n.EI3J.EIJUFTAJ,

1 PMIJOE12J)
C
C*0OS0T"1S SUBRUUTIN. CALCULATLS TH. ItlPIIUI,L4T JEI 1N1IUJG INiTEGRMALS.
C
C *$*VARIABLES$**
C
C PHIO 6 013CRIMINATING STRFAMLI1d Vt.LEICITY RATIO.
C CSQD. 2 IFRLL..STRE4M CHUCCU PdUMPlP SIIII*HVDO
C TRO 6 BASF TO sFPLk-ST16EAP SIAGATILJ% TF~P~.,4ArlldF 1ATIU.
C EIIJ a 4IAING I~rtuRA6 I Fik j hTPFA"'.I'.t.
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C EIII) a 41IN~G INfL.C1AL I FUR D) STREAMINEM.
C Fl3J a MIXING INtL(;HAl. 3 FOR J STIJIAOLItNe.
C LIM)0 a mIAIG INTE.GRAL J FOIIR D STRFAmLl..
C P1411 z DUMPY VAkI1LIL FUR ITHF I.UN(rliU STAf1.mI4ts.

.4C 11401 a 0UMWY VAI4IAOL&. FOR THEt FtitiTLION STAfahw4(S.

C
DIMENSION TIU(35U)v,11 (3bO).F.12E3(jJ.F.13(i!O))
CUM 0CJN /1.RFVP/ PHIl 3601
TJMIFIPNII .CSQ)Df40) X H1'1U-SJ)(H1*I
TJm2F(PHII CSQfl.TRUI) z (PHI1.*2)/(rRill-CSUI)*(PNls*2))
TJP431(PHII,CSU.TNOI) z (PHII*TH0)/(TRUl-CSOO*(P4Il$*2))

C*4*S~Tm ERROR FUNCTIUN VELOCITY Pk0F1LK. PRIM(t, IS 1td1T1AL,1ZFA IN
C SiULUCK DAfA* AND STORED IN LAMLLFI) C00-1UIN *ENFVPO. PR4IM IS
C GIVEN FOR 121.350 VALUES OF E*TA IN THE R4ANGE. Or ETAz-3.5 TO
C KTAx3.5 IN INCREMENTS Of DVTAxU.02.
C**S*I"CREMLI4T SIZE AND) INITIAL, VALUFS AT (F.TA Ru) AWE SPE.CIFIED. N.RL.

I)F.A v G.U2
TRUMl a IPSO
EllCIJ x 0.0
[120)1 a 0.0
Cull) a 090

C*46**CALCULATIUN Of THE MIXING TAAL. bY THE TRIAPEZOIDAL RULE,
DO 2 1.1.349
1140(1*1) 8 (TRSU *(l.0-TktiO)*PhI(I+I))
FltIlsI) 8 FullI) * O(TJNIFIPiII(Iti),CSuJ.TRUII.I)) +

I TJMIF(PHI(l),CSUJD.TROII)))*DETA
E1211) a 11211) + 0.b*ITJN2FIPHI(I+l),CSuD1TROlI,1)) *
I TJN2F(PNI II JCSQV.TRU(I )))$DFTA
E13(11) a E13II) +0.50ITJMJ3FIPHIIL*I),CSUUTRU(I*1)) +

I ~TJN3F(PH411I) .CSUI,TRIII( I)*OCTA

IF(PHI(J) *LT* (0l.2S)) GO TO 2
IFISS~.0-(EItJ)CIZJ) ilLlli.F111 ~IL.E1.U04)GiO TO 3 1

2 CONTINUE
CS*0**DFTERFNINL THE J- AND U-SINEAMLINE VALUES or THE 14T1.GRALS.

3 Ell a rlIIJ) - E12M Nn
C*$**TAbLE SEARCH AND INICEiPLLATIuN FUR E13J.

DO 4 1*2.J
IF(EIIlI) *G?. CZIJ) Gu TO S

4 CUNTINUL

5 IEIIJ MI1ll-1+

C12J a E12(1-1) 11(-I(1)/uI)E11l))

PIJU ICIJ II-1) )

ETAJzFLOAIII-2) 0 UETA+IOI.TA/(Llt (I).I1l(11)))*
1 EIIJ-EII-I))-3.5

Css**STASIE SEARCH AND INTERPPOLATION FOR 1110, F130.

E13 a E111)((13(i)-1.3(113)/IPHl(I)-PNL(T-1)J))

IF (kilo0) N*s.q

P141031 O*N
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6- .- q_.--. I~- -F -,r~~r r ~ .. WJ W. M75 IN MR o- W~JLzPJJ'V W. r

kL714 -

9 uo 1u jz8,1j
If (EII(IJ.GT.LIIU) GUTO 11

10 CUNTINUE LV

1 (EIIu-ElI(1))
R ETU3R N
END

SUBRONINJE TttDL,(PAO,CsOIl TJ4HU,I.IID,E1I3)J

Cs'ss*THZS SUI4RUtIIINC CALCULATES THE TLJiqkUI.FNT Jcr MIXING INTEGRALS
C MHEN P941-D IS DEFINED bV TiL. UFIEMA RFCUMPRESSIUN CRITERIA
C
C **#VARIALES**
C
C PHID=DISCRINIATING STKLAOLIN' VElnCITI RATIO,

C CSQUsFNEE-STR.Am CROCCO NUM1ALF? SUPLAJ4ED.
C THPUZOASL TO FREI.-STPLAM STAGNATION TEPERATURE RAIIU.

C F:IIJumIxING INTEGR;iAL I FUR ~j STREANLINE. I
C EIIOZMIXZNG INTEGRAL, I FOR 1) SIREAhLI"E.
C E13JJUNIXING INTEGRAL 3 FUR JD STPLAPI,INF.
C lJUMIXIMG INTMt.AG 3 FURP L STPEANLINE.
C PNIIUUPMI VARIAHLE FUN IHE FIJNCTIUN STArtM.NTS.
C TROIXOUNNV1 VARIAB~LE OUR THL F~UNCTjfN STATE:MENTS.
C
C

DIMENSION 1RO(jSO).EII (j~u)tEI3(j5O)

COMMSON I'bRFVi'i P941(50)

TJM3F(PNII,CSUU,TRo)*(PNI*OTRUI)/CTROI-CSIU*O(PHIIS'23)
C44404THE ERROR FUNCTION VLOClTY PROFILE, P941(I), IS INITIALIZED3 IN
C *I4LOC( flATAS AND STORED IN LASELL COMMON $ERFVPO. P94111 IS

C GIVE% FOR l,3S0 VALUES OF LTA IN THE RANGE OF CfAu-i.5 TO
C ETAuJ.5 IN INCREMNTS LiF DETA2O.02
CS**SO INCREMENT S1ZE AND INITIAL VALUES AT (ETA HR) ARE SPECIFIED HERE.

DFTA8O.02
TRUMl UTRO
EII(IJ80.1
LI3(1120.0

CS*SOCALCULATION Of THE MIXING TABLE bV THE TRAPEZOIDAL ROILE.
DO 2,181#349
TRO(141)RU(IPSO + (3.f-TRPU)sP"IlI4I))
EII(1*I)8 LIMC) + 0.Se(TJNIF(ii,1(1.1).C5SUU.TRU(141)) +

I ?JiFi(PHI(I)CSQUTE(()))*ETA
E13(1+1) a EIJCI) # 0.5*(TJP3F(PIOI(1,I).CSQO.TRO(I.2))

I ?JM3F(PtiI(I),CSUD. 14011)))sflETA
if EPNI(I.1).Gt.PHIDJ GO TO I

C$s*VOELRAI41 THE to-STHEANLINE VALUES oF THEc INrEGRALS5
C3

(I (PHIU-PHI(I))

E.ND
FUNCTION 3tqMAf (C3UO.TR8O.GAKNA.'SIGMA)

5. C9*0*THIS FUNCTION CALCULATES 1H. VALIB IF 4W ?M SINTLARItV PAHA14LIkk,
C SIGMA, FROM THE CUJRRFLATIUNi f* KOPS? Roll) TRIP'P 94 CHAIII1APRALAIk)& r
C
C NSIGMAS 0aSIGmA AFTER htUPST AMIv TRPP
C MSIGMAw 1.SIGNA AtLPE CHANNIAPRA(AItA
C
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1 5 (N IGOA N F. f) GUll I -

COO$$ KORSf AND TRIIP e*e e ee es e e,sIG~dA7* .2,.7 '4*?,0'CSO1u/C(( ,U.CsU0)e((AMNAot,.)) F-

(ca,1" 4
3 IkuO,%(CS(fnoo,7).o,7S ._
4 S IGPA6 S 120/(RS(1.0, (|o-CS))'RI1))

RI:TURN

C G]V OR zrsl,3sO VAblIE O0FT h7F ~LF.Lf .rz3S7

C rAz3,.% IN INCR1IkNTS UF r Az(1002.

C

I ifASO17) 2" .

* /0000')000 00,n0 ,0000 • .oooooo • 00o0000 - i".

j a /o.o*on-o * .2
4. 0.000000 a O.OOO*1,41.-SoITRI)

* 0000000 , 0000001 •0.000004 , 0,0010001 : 0,.000001
• 0.00000. , 0U)0003 ,002 31O00 00OU '

* 0,O00000 * 0**JuO003 , 0.000007 , 0.4000064 0000009S• .

* 0.000001) * 0.U00002 * 0.0010074 * 0,100000 * 0,0000109

* 000000 * 00000013 * 0.f000146 * 0000026 * 0000033 _-'

30,000037 * 0,.00042 * 0.000047 * n000,)053 * 0.000o159 •

BDATA

a /0o000116 , 0,000131 * 0,00(1147 V 0PF , 00164 0,000112 I
* 0,000203 * 0,00026 * 0I000251 C M0.000279 0003t0 _ I

e 0000344 • 000031 * 000022 * 0000461 * 0000517

* 0.000571 * 0,0100031 , 00000696 * 0.000767 * 0.400045 .
* 0,000931 * 0.001024 0.00112 00001237 0.001356'-

* 0.003469 , 0.001032 * 0.0017Mg * 0.001956 * 0.002140,
* 0.002336 * 0.002553 * 0.002796 , 0.003036 * 0.003310
* 0,003604 * 0.003921 * 0.004263 * 0.004631 * 0.0050271 ""
C 00005454 * 0,00S912 * 0.006404 * 0.006932 * 0.007499 /
DATA A3

* /0.006204 * 0,00153 0 * 0.0044 0 0 0010910

* 0.011065 , 0.012725 * 0.013005 , 0.014706 , 0,015792 ..)'.-01

* 0.00000i 0 0,009 0.0004 0 , 0.022311 ,
0 0.02365 * 0.025491 ,027219 , 0.009043 * 0.03097

* 00032990 , .001)333 * 0,03732 * 003947 0,o42233 "-'"

s 0.044043 0.04023 0050453 , 0.03400 # 0.000007 ,

e 0.00999 0.003339 * 0,00.930 # 0.070677 , 0.07459 ,

* 0.070602 , 0062067 * 0007291 , 0,09160 , 0,00621

* 0.101550 • 0o1016061 * 00111955 * 0,117434 * 0.133101 /

DATA A2

* /0,12096 0,13502 , 0.0141239 , 0.147609 , 0.054202

* 0,10620 0,000226 * 0.17522 v 0.000279 o 0.000310

* 0,196004 0,200051 * 0.014205 * 00272544 , 0,200517

* 0,239730 0.24 0.2570011 02904 0.0o,702N.
0 0,20142 00295514 0,305354 v 0,315336 * ',3215407
* 0,335103 * 0,340002 * 0.356572 , 030ft717J , 0.0317 1

* 0.30613 , 009951 * 0,41019 042152 , 0.432047 -

S0 00443795 , 0,4005916 0.04627 v 0,4764732 0.4q07498

0.115000129 * 0.511311 * p).F22.0S) *, n0.53340 * 044.SlS " "'.u
DATA A3
0 /056046 , 0,07409 * 0.he04 , O2,J4Q%3 0 0 o

B-5 .08,..iSO
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IL

* 0.blI3Z 10 (,.t'4I17q , 1'.t632h&41 * fl414Iqu , I.A31'47l

* v..66.4344 *O.b14%,91 , (.h4717 * (.#94#hqS , fi 04b34

* 0.71421b * .7237h3 , 0.733141 0.742356 , ().1514413
4 0.7t.0274 0.76Mt,977 , 0.777497 , I).7R434 0 .73911
4 0.I4I%4 . 6.0047 11 , 0.tbI73i7 , ('.124712 (w..N21915

* O.b1923 , 1.045739 , R%.7l %;3e. i I .t.471O , OoI0. I
S0. 471 n7U o .$147b925 , 00*8N719I * l 94t'9' bu I s4%J4 I
* 0104721 0,.903400 , 0o.01)41 , 1l.911?26 0.917130 -

DATA Ab
s /0.9213b4 * 0.925432 , 0.92"337 n *,78 3j4 00 .93hbI4

0 0.94nI13 *0.943404 , 0.44hSS61 O .q49b57 o .qS2427
* n.95165 o .9! 7 7 it. Qbfsu fhIaa2, 4).96483

* u.901054 rP 84200 .00 243 1j. q8314 , o.VR1)1 ,o[37d1=

00.4811174 n.989038 * f.9A9W1 o .990553 , h.99124i 91" 0.991N94 0.992500 , P.4Q3065 0 I.943593 , 0.994 s ,.,
; 0.994543 0.994969 , O.qQS3eb, * 0.945733 , 0.4916075

DATA AO7

* /0.9963924 n.q966 , 0.996950 n.991210 . 0.991442
0 0.997W6 0.(,997815b , U.993139 , 11.990200 0 (1.99113b3
* 00991406 *0 0.994630 , 0.94A750 , .04qARbf , ,9q14971

* n.999064 * 0.999149 . 0.999227 , 0.99299 , 0.9993b4

4 o.999424 * 0.999478 , 0.999527 . n.977 f 0.999b13
0 0.97465 0.999665 9 0.949715 , 0.999743 , o.997f"_

S0.999791 * 0.999612 , 0.999831 , 0.99944 0 0.9943
* 0.999477 0,99989 , 0.999900 0.99991J , 0.999919
0 0,999927 0.949936b 0.999941 . 0.999947 , 0.999952 /
DATA AR
0 /0.999957 * 0.9991ro • 0.99995 . oQ49963 • 0.999971

S 0.999914 , 0.997b 0.,99497v , 099998011 , .999982
• 0.99993 0.9994 0.999967 * 0,99986 , 0.9999P7
* 0.99994 0.999999 * 0.999919 , n.999990 , 0.999990

S0.999991 0,9991 * 0.999993 , 0.9993 9 , 1.9
s 0.999992 *0.999992 *0.999991 0.999992 , 0.999993

0 0.999993 * 0.999993 0.999993 , 0.999990 , 0.99999)

S P ND

B.4:

B-51/(B-52 blank)
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